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PREFACE,

THE impetus recently given to teclinical educatioQ in

this country, whilst it has induced a great demand
for books suitable for the use of students in our various

industries, has revealed in our literature a remarkable de-

ficiency of this class of works. A want of this kind, how-
ever, cannot long exist without a supply being forthcoming,

and already there are prospects of its early gratification.

The following little treatise has been written with the

view of providing, partially at least, for the needs of

students of the cotton trade. Until within the past few
years this trade has, with rare exceptions, been so pro-

fitable, that persons having little or no knowledge of it,

who invested capital therein, hardly ever failed to secure

a good return. But this is the case no longer : the growth
of competition, both domestic and foreign, has reduced

profits to such a low point, that to conduct a cotton-spinning

business successfully to-day requires that those having

charge of it should be either themselves, or in the persons

of their trusted servants, thoroughly conversant with both

the principles and details of every process through which
the material must pass to reach the mercantile form. A
correspo]idingly perfect acquaintance with the market is

also required in order to conduct the commercial section

of the business safely and profitably. The former is neces-

sary in order to enable those in charge to exercise strict

supervision over every employe, to enforce care and
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economy in the Tise of the materials, and to detect and
rectify any fault that may occur, as only by these qualifi-

cations and this procedure can the best results, from a

productive point of view, be finally assured. It should be

the aim of all practical men having charge of mills to do

this, and their pride to accomplish it. A good article in

yarns can always be sold ; indeed, it has almost become a

proverb that it " will sell itself, and at a profit." The
more thoroughly this practical knowledge is also possessed

by managers, foremen, and operatives, and is carefully and

conscientiously applied by each in the performance of their

duties for the benefit of the establishment, the greater

will be the certainty of success. The recognition of these

truths in connection with cotton spinning, and of corre-

sponding truths in other industries, lies at the basis of the

public anxiety for the inauguration of a general and sound

system of technical instruction, and the favour with which

all efforts to provide one have been regarded.

In undertaking the task of preparing the following

essay, it became necessary to recognize the fact that it

might be called into requisition by various classes of

students and readers, and that as its prescribed limits

would prevent an exhaustive treatment of each portion of

the subject, the best plan to pursue would be that of deal-

ing most fully with the phases of the question that had

been least touched upon by previous writers, or those on

which former notices had become obsolete. Dr. lire's well-

known work on the cotton trade is by far the most detailed

exposition of the industry that has been published in this

country ; the author, however, was not practically ac-

quainted with his subject, and evidences of this frequently

present themselves to the technical reader. At the time

it was published, however, it was a remarkably valuable

exposition of the rising industry, and may be studied with

advantage even now. It will be obvious, however, that

for most practical purposes the progress of mechanical

invention, and improvement in processes, have long ago
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rendered it quite obsolete. The same remarks will applj

to the treatise of Mr. James Montgomery, only in a less

degree, as his intimate practical acquaintance with the

cotton trade as then conducted, has rendered his observa-

tions permanently valuable, and the student may read

his book with benefit to-day. Since his work appeared,

many others have been published by various writers, but

nearly all have been bald compilations of rules and exam-
ples of calculations generally employed in making changes

in the various processes. As these are easily accessible to

every one, it has not been thought necessary thus to occupy

space in the following pages that might be usefully devoted

to the more neglected aspects of the industry. In men-
tioning the above works, it would be invidious not to refer

to the more recent and valuable treatise of the late Mr.

Evan Leigh, in which much useful information of a prac-

tical character is embodied. Its high price, however,

places it quite beyond the reach of many of those to whom
it might prove useful.

In the following pages the writer has endeavoured to

give the reader a concise view of the origin and present

extent of this great trade ; the material it deals with ; the

general principles that contribute to its successful conduct

;

the proper location and construction of a mill, and arrange-

ment of the machinery ; and the various processes of mix-

ing, opening, carding, combing, drawing, roving, spinning,

and, finally, doubling. In connection with these it has been

attempted to trace the development, describe the function

of the leading parts, and show the working of the various

machines employed in the trade. The least consideration

will show that some such course as this was absolutely

necessary, as the machines are so numerous and so ex-

ceedingly complex in their structure, that to begin their

study without a clear and well-defined plan would be to

involve the pupil in a state of confusion from which self-

extrication would be almost impossible. It is hoped that

the course adopted possesses these merits, and that the
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reader, after perusal of the subsequent pages, will have
obtained an approximately exact and succinct view of the

development, leading principles, and present state of

England's greatest mechanical industry,

R. M.

Manchester, February, 18S4.
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COTTON SPINNING.

CHAPTER I.

Inteoductory.

Impoi'tance of the English or modern system of cotton spinning.

—

Cotton ; origin of its manufacture ; the distatf ; the spinning wheel

;

imperfect development of the Hindoo faculty of inventiveness.—Con-
finement of the ancient sj'stem to India; the domestic wheel; the flax

wheel.—Kay's inventions; Hargreaves'; Arkwright's ; influence of these
upon other textile industries.—Development of the new system.—Its

extension to the United States ; the Continent of Europe ; Asia ; other
parts of the world.—Its present magnitude.—Abundance and cheapness
of its products.^Its early influence upon Lancashire ; rapid growth

;

decline of the value of its products.—Present condition ; official returns,

1880; inadequacy of these to express its importance.—Location and
future prospects of the trade.—Magnitude as compared with other lead-

ing industries.

OF the many industrial arts whose prodncts minister

to the welfare and happiness of mankind, few have
acquired a more important position than the English, or

modern, system of cotton manufacturing, or have had a

greater influence upon the progress of civilization. The
inventions which inaugurated the present epoch of mecha-
nical discovery, occurred in connection with it ; and this

example in succession spreading to all the other great in-

dustries, has, during the past century and a half, revolu-

tionized the condition of civilized society, and made its in-

fluence felt throughout the world.

Cotton, the raw material with which the manufacture
deals, is the fibrous covering of the seed of the Oossypium

B
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herhaceum and kindred plants, whicli flourish in a state of

nature over the tropical and temperate zones of the earth's

surface. In India and China the plant has been cultivated

for ages, and its fibre utilized in the manufacture of cloth-

ing, and also in several other eastern countries. More
recently it has attracted attention for the same purpose

in the West Indies, the Southern States of the American
Union, Brazil, Egypt, and other lands deemed suitable for

its cultivation. To many of these it has j^roved a source

of great wealth, and its growth is daily extending, espe-

cially in the United States.

The best evidence yet obtained points to India as the

birth-place of the manufacture. In that country me-
chanical appliances appear to have been first invented in

order to aid in the manufacture of the fibre. At a very

early period the art became a prevalent domestic industry,

and extended over almost the entire peninsula ; at one

time being so general as to employ, more or less entirely,

almost half the population. Cotton was grown in the pre-

cincts of every village ; cleaned, spun, and woven on the

spot ; each little community producing enough for its own
consumption. A rudely-constructed roller gin separated

the seed from the fibre, and the latter was cleansed from

leaf, sand, dirt, and knots by the bow. The cotton as left

by this instrument in a light fleecy mass, was then taken,

with little further preparation, and spun by women. The
coarsest yarns were made upon a heavy, clumsily-con-

structed, one-thread wheel, evidently the progenitor of the

domestic wheel long in use in this country, and the Saxony
wheel of a later date. This was unsuited, however, for

the production of the fine yarns used in the manufacture

of the exquisitely beautiful muslins of the country, which

were therefore spun by means of the spindle that had been

in use from time immemorial. A distafi" was sometimes

employed, though quite as often the process was conducted

without. This spindle in the earliest times was composed

of a straight piece of wood, weighted at one end with a
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bit of clay. Subsequently an iron spindle was substituted,

though at what date we are without information. It is

also equally impossible now to discover at what period

the crude wheel just mentioned was invented, though
doubtless it was subsequent to the invention of the spindle.

It is strange that the inventive skill of the Hindoo races

never produced anything beyond these rude appliances,

whilst they attained such a high degree of technical skill

in their use. But such is undeniably the fact, for from

the day when these simple devices left the inventor's

hands, they scarcely appear to have been touched, though

ages have passed away since that time, during which they

have been in constant use in the hands of millions of

workers. The same sterility characterized their efforts in

dealing with the machinery they invented for weaving

:

nothing mechanical of theirs ever grew by a succession of

improvements to a condition approximately perfect, as in

this country has been the case in almost every instance.

It would appear that the epoch of mechanical invention

was not destined to be inaugurated by or amongst these

peoples.

Cotton manufacturing does not seem to have spread far

from the place of its origin, or to have risen to any degree

of excellence anywhere out of India until quite recent

times. The distaff and spindle, and the rude wheel before

referred to, continued the only instruments by which yarn

was produced. About the year 1530 the domestic hand
spinning-wheel appears to have been invented, and for a

long time was the only improvement made. This was

succeeded towards the close of the centary by the Saxony

wheel, which, though a great advance upon the preceding,

was a long time in displacing it. This wheel was sup-

plied with a " flyer," by means of which the twist was

put into the yarn, and the latter wound upon a bobbin.

A traverse movement was afterwards added, enabling the

yarn to be run upon the barrel in even layers. A second

spindle was subsequently adapted to this wheel, which ob-



4 COTTON SPINNING.

tained for it the denomination of the " two-handed wheel,"

an expert spinner being thus enabled to spin two threads

at a time. This constituted the climax of hand spinning.

In the fourth decade of the eighteenth century the elder

Kay, of Bury, in Lancashire, invented the picking-stick

for the hand loom, added boxes to its sley, and improved

the shuttle, enabling one weaver to operate a loom where

two were formerly required, the single operative also

doubling the production of cloth as compared with the

amount obtained before. This was the beginning of the

modern epoch of invention, and its first practical result.

The demand for yarn, which was a consequence of the

general adoption of Kay's improvement, greatly stimu-

lated invention, but a considerable time elapsed before any
further real progress was made. Hargreaves, the Black-

burn weaver, was the first to succeed with his spinning-

jenny in 1767, Arkwright following closely after with his

water-frame. On these well-known inventions it is not

necessary to dilate here, as the principles embodied in

them will come under review subsequently. It must
suffice to remark that they form the base of the modern
system of cotton manufacturing, and the important re-

sults that have sprung therefrom. The influence exerted

upon all the textile industries by the successful appli-

cation of machinery to the performance of the delicate

processes of the manufacture of cotton, and the adapta-

tion of cotton machinery to the manufacture of wool,

silk, and flax, is a tale which must be relegated to the

histor-.an for narration, as also must be the story of the

far-reaching influence of these examples upon other in-

dustries. Industry has put on a new face, and social

conditions have been revolutionized. With philosophers

and statesmen, however, may be left the solution of the

great politico-economical and social problems that have

arisen from the stimulus given to invention by these suc-

cesses, and the consequent universal application of ma-
chinery to industrial purposes, resulting, as it has largely
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done already, and will to a greater extent in the future, in

the supersession of manual labour. On the correct solu-

tion of these problems will depend, to a great extent at

least in the early future, the welfare and happiness of va,st

masses of the human race.

As might naturally be expected, cotton manufacturing

has continued to engross a large share of the attention of

inventors, and their utmost efforts have been expended in

developing and perfecting its appliances. This devotion

has been fully rewarded, as the result of their labours has

proved of inestimable value. The machinery employed in

cotton manufacturing is the result of more mental labour,

and the subject of more improvements and patents than

any other that can be named. Most of these have sprung

from the English manufacturing districts, as was to be ex-

pected from the great concentration of the industry in those

localities, and the knowledge consequently gained of its fur-

ther requirements, and experience of the means by which

defects could be overcome.

JN^ext in the importance of their inventions and improve-

ments to the English distncts must be ranked those which

have been brought out in the United States by the emi-

grants from England and their descendants, who carried

the new industry across the Atlantic, and have since kept

it nearly abreast in its developments with that of the home
country. This has been accomplished, firstly, by the con-

tinued importation of skilled workpeople and improved

machinery, and, secondly, by original invention. The new
conditions by which the transplanted industry was sur-

rounded have led to improvements of a special and im-

portant character, and which of late years have obtained,

as they have deserved to do, the careful consideration of

English machinists and spinners.

The attention of the continental nations of Europe was

drawn to the new industry with which England had en-

dowed the world at a very early date ; but owing to ob-

stacles for a time naturally placed in the way to prevent
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them, these communities did not acquire a knowledge of

its appliances quite so soon as did the United States. One
reason for this was, that in the States there was no lingual

difficulty to encounter. All obstacles were, however, even-

tually overcome, and the industry has since been planted

in nearly every country of the Continent. It is, however,

only from France, Switzerland, and Germany that any

contributions in the shape of improvements towards per-

fecting or developing its machinery have been received.

Whether this is owing to a deficiency of the inventive

faculty or not amongst the people of these countries, we
need not try to decide ; but it is a standing ground of

complaint amongst English machinists that their conti-

nental competitors confine their efforts mainly to imitating

the devices and inventions first brought out in this country,

instead of devoting their energies to the origination of

something new. Whether this complaint is just or not,

there is certainly not much original matter relating to im-

provements in cotton machinery that will reward the

labour of the inquirer into the records of continental inven-

tion ; and the little that may be discovered cannot be re-

garded as particularly important.

In the countries of Asia the new system of cotton manu-
facturing has yet obtained no hold, if we except India, into

which it was introduced by English enterprise about thirty

years ago, and where it has continued to make steady pro-

gress, favoured by certain local conditions and the fiscal

policy of the Government. Whether its development will

continue at the same rate now that several of these cir-

cumstances have been modified, is a question that only the

future can solve. China and Japan have recently made
tentative efforts in the direction of introducing this indus-

try amongst their peoples, but as yet not much success

has attended these efforts. It will not be a matter of

surprise should the latter country, however, achieve a con-

siderable degree of success, and that at no distant date.

The strenuous efforts its government has put forth during
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the last ten or twelve years to make its people familiar

with the manufacturing arts of the West, is a phenomenon
of which the latter should not fail to take note, as it may
lead to impqrtant consequences which will seriously aflPect

the hold that Western nations now have upon Asiatic

markets.

In other parts of the world, such as the western side of

the North American continent, the central portions, and

the southern half of the same continent, the amount of

cotton manufacturing is practically nothing, the wants of

the people in this respect being supplied from other centres

of production. Australia and New Zealand come in the

same category. In the vast continent of Africa the modern
industry is unknown ; the little that is manufactured from

the indigenous cotton plant which grows wild in the in-

terior being wrought up by the most primitive of ap-

pliances that have ever been used.

The present magnitude of the industry will be adequately

represented by the following figures, which form an esti-

mate based upon the most recent information as to the

number of spindles, excluding doubling spindles, in Europe,

the United States, and India, at the present time :

—

1883.

Great Britain .... 42,000,000

Continent

United States .

India

Other countries

Total

22,000,000

12,750,000

1,750,000

1,500,000

80,000,000

If, therefore, we take the spindles of the world to amount

in round numbers to 80,000,000, it will not be far from

accuracy. The spinning capacity of these spindles is almost

inconceivable. Let us assume that they are constantly

working, say, for fifty hours per week, spinning yarn of

an average of thirty hanks of 840 yards each to 1 lb. The
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speeds at which the machinery in the great spinning cen-

tres of England are now working is such as to give a pro-

duction of 7 yards of yarn to each spindle per minute, but

this will doubtless be considerably in excess of that in

other localities. It will, therefore, be safer to take 6 yards

as the average production per minute per spindle, or a total

of 18,000 yards of yarn each per week. Those who are

curious in figures may pursue this thought at greater

length and in many directions, in all of which the most
interesting results may be attained. Thus much, how-
ever, will suffice to show to what an important extent

mechanical automatic labour has displaced manual indus-

try, and to what an amount the inventions of Hargreaves,

Arkwright, and Cromptonhave alleviated in this one sphere

alone the burden of human labour, or in other words have

extended the blessings implied by the abundance and cheap-

ness of the products of the cotton trade.

The abundance and cheapness of the products of the

cotton manufacture will best be illustrated by a few figures.

According to the estimate of Messrs. Ellison and Co., the

eminent Liverpool cotton brokers, the 42,000,000 spindles

of this country consume 71,000 bales of cotton per week
of an average weight of 400 lbs. per bale. This is equal

to 1,420,000,000 lbs. per year of fifty weeks, two weeks
being allowed for holidays and stoppages. The actual

weight given by the same firm for the season 1881-2

rather exceeds this total, being 1,478,997,000 lbs. This

vast weight of raw material was worked up into yarn and
cloth, and after supplying our domestic requirements, we
exported to foreign countries, including our colonies and
dependencies, in the same season, 244,300,000 lbs. of yarn,

and 4,456,000,000 yards of cotton goods, totals in both

heads rather less than those of the previous year. The
spindles of the Continent spin on an average lower numbers
of yarn, and therefore require a correspondingly larger

supply of the raw material. The consumption of the Con-

tinent for the same season was 1,207,650,000 lbs. The
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total consumption of the American continent may be set

down at 2,000,000 bales per annum, or 960,000,000 lbs.,

which amount is annually increasing. To these vast quan-

tities there is yet to add the amount required by the

Indian spindles, which will be about 140,000,000 lbs.

Taking the consumption of the American continent at

1,000,000,000 lbs., the total of these vast figures amounts
to 3,767,650,000 lbs., or 9,419,125 bales of 400 lbs. each.

This material, estimated on an average at bd. per lb., will

nearly equal a sum of £78,500,000. In the processes of

manufacture this enormous sum is probably quadrupled by
the addition of the skill, labour, and interest of the capital

necessary for the conversion of this amount of cotton into

its various commercial products.

Not less important has been the influence of the rise of

this industry upon the districts in which it is chiefly

carried on. In 1750 the population of Lancashire w^as

only 297,400, and the manufacture then existing was purely

of a domestic character. Ten years later, the number of

people engaged in the English cotton manufacture was
estimated to be only about 43,000 persons, the product of

whose labour would not equal that of 1,000 persons to-day.

In 1770 the populations of Bolton and Blackburn were re-

spectively about 5,000 ; at present, both of these towns
exceed 100,000 ; and owe their growth to the develop-

ment of this industry. At the same period, the population

of Manchester was 40,000. The aggregate population of

the group of towns now included under the same designa-

tion is probably fifteen times this number, thus showing a

growth nearly proportionate to that of the smaller towns
just mentioned. The influence of Hargreaves' and Ark-
wright's inventions were just then beginning to be felt in

the great stimulus given to invention and industrial enter-

prise. In 1775 the number of operatives employed in

the trade had increased to 80,000, whilst the amount of

cotton imported had grown to 18,500,000 lbs. The factory

system may be said at this date to have just taken root.
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Twelve years later, or in 1787, the number of factories

had increased to 143, containing 550 mules on Cromp-
ton's principle, and 20,700 jennies on the plan of Har-

greaves, which bj this time had received some important

improvements. The number of water frames on Ark-
wright's principle cannot be ascertained ; but the total

number of spindles at work on the three systems in this year

is estimated at 1,951,000, the cost of which, and of the

auxiliary machinery, together with the buildings in which

they were contained, reached in the aggregate £1,000,000.

The number of operatives directly employed in the industry

was supposed to be 26,000 men, 31,000 women, and

53,000 children, or 110,000 in all. In the subsequent

stages of manufacture the number of persons employed

was similarly estimated to be 133,000 men, 59,000 women,
and 48,000 children. These constituted a grand total of

350,000 persons. In the same year, the raw material

consumed slightly exceeded 22,000,000 lbs. The estimated

annual value of the cotton manufacture at this time was

£3,304,370, against £600,000 in 1767.

In 1785 Cartwright first invented the power loom, and

in the year under notice, 1787, took out his second patent

for the same machine, which he had greatly improved. In

this year cotton machinery was first introduced into

France, and the first cotton mill was built in the United

States. The systematic cultivation of cotton in Georgia

and Carolina was commenced as a commercial speculation

in 1788. In the year following the first steam engine used

for cotton spinning was erected in the mill of Mr. Drink-

water, Manchester, by Messrs. Boulton and Watt. The
parish of Oldham, now the greatest spinning centre in the

world, at this time had only a population of 13,916. Pro-

gress after this date was rapid, and need not be traced in

any further detail. A host of inventors were engaged

upon improving the existing, and devising new machinery.

Their efibrts in various degrees were successful. Samuel
Slater, an apprentice of Arkwright's, had gone to America,
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and was employed in imitating the machinery amongst
which he had been trained. The improved machinery of

Lancashire was smuggled out of the country to the

Continent, in spite of stringent laws to prevent its expor-

tation.

The rapid increase in the productive power of the new
machinery frequently led it to overrun the distributive

agencies then at work, and gluts succeeded one another

rather frequently. The decline of values consequent on

these conditions stimulated demand, which absorbed sup-

plies, and quickly led to further extensions of machinery.

Repetitions of these occurrences have constituted a great

portion of the history of the trade, from the beginning of

the current century to the present time. The most notable

crisis in its history was the occurrence of the cotton famine

in Lancashire, which arose from the war of Secession in the

United States. This sprang from a movement having in

view the preservation of the institution of negro slavery in

the Southern, or cotton gTowing, States, which had grown
to enormous proportions with the rise of the cotton trade.

As every one knows, this cherished institution perished in

the war; and its downfall is now generally regarded, even

in the cotton States themselves, as a satisfactory result.

Since that time there has been little to chequer or retard

the progress of the trade beyond the recurrence of times of

prosperity and depression.

The official returns of 1880 show that in England and
Wales there were at that date 2,579 cotton factories, 2,482

of which were situated in what is known as the manu-
facturing districts of Lancashire, Yorkshire, Cheshire, and
Derbyshire, the remaining ninety-seven being scattered

over other parts of the country. Scotland, at the same
time, had eighty-nine mills, and Ireland six, also devoted

to the manufacture of cotton, thus giving a total of 2,674

for the United Kingdom. At that time these mills con-

tained 39,527,920 spinning spindles, 4,678,770 doubling

spindles, and 514,911 power looms. The staff of work-
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people was composed of 185,472 males, and 297,431

females. These numbers included 61,923 children under
thirteen years of age, who were " half-timers." The total

number of people thus directly employed in the cotton

trade of this country alone was thus 482,903, which has

probably increased since the date of these returns to

500,000.

The above figures, however, very inadequately express

the magnitude and importance of this gigantic industry,

for they embrace none of the subordinate and dependent

branches. These include that portion of the iron trade

engaged in the production of cotton machinery ; the coal

trade employed in providing fuel to supply its motive

power ; the furnishing trades which provide its numerous
accessories ; the bleaching, finishing, printing, and dyeing

trades, that take its productions as they leave the mill

;

the carrying trades, which transfer its raw materials and
products from one part to another, and finally distribute

them to all parts of the world ; and, lastly, those who take

charge of its merchandise, no insignificant number in

themselves. These vastly increase the aggregate of per-

sons employed, and enlarge the general importance of the

trade.

From this brief description it will be seen that the

growth of this industry is one of the marvels of modern
times. Whether the same rate of progress can be main-

tained or not in the future, as has been shown in the past,

is a question that excites in thoughtful minds a great

amount of interest, but the answer to which must be left

for time to reveal. It may be safely said, however, that

the present centres of the trade are not likely to be easily

deposed from the position of eminence which they have

acquired. Geographical location, climatic influences, and
geological developments are amongst the chief conditions

that control its successful conduct ; and the character,

training, and acquired skill of the people who are engaged

in it, are elements that cannot be disregarded. There are
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comparatively few spots on the earth in which the neces-

sary conditions and advantages exist, combined in the

same degree as they are found in the manufacturing dis-

tricts of England ; hence those interested may look for-

ward with confidence to its maintaining its supremacy.

Buttressed by protective tariffs, manufacturing may be

carried on successfully in other countries not so suitably

adapted to the purpose by natural conditions ; but with

the progress of education which is taking place in all

communities, the impolicy of allowing one section of a

community to grow rich at the expense of the rest, will

become so strongly obvious that the economic fallacy of

protection will perish for want of support.

This short review will show that whether judged by the

amount of capital invested, the number of people employed,

or the area over which it is spread, the cotton trade must
be admitted to have but few rivals, and hardly any equal

in importance, after precedence is given to the great pas-

toral and agricultural industries whose object is to pro-

vide the food supplies of mankind. To those persons,

therefore, whose capital, skill, and life's labour is in-

vested in it, scarcely a more important inquiry can be pre-

sented than one having for its object an elucidation of the

means by which the most satisfactory results may be

attained, and each individual be enabled to direct his efforts

to their accomplishment. To answer such an inquiry is

the object of the following little treatise; and if the writer's

effort be only approximately successful, the end in view will

be attained.

PERTY OF
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CHAPTER II.

Cotton.

Cotton : its order, genus, species, and characteristics.—Possible cotton

lands; countries in which it is cultivated.— Geographical names.—Suit-

able soils for gi'owth
;
preparation and sowing

;
picking season

;
picking;

mechanical picking not successful.—American crop ; area ; cost of pro-

duction; variations in quality and their causes; adulteration.—West
Indies.—Central and South America; indigenous variety.—Egypt ; ex-

tent of crop ; indigenous and exotic varieties ; characteristics.— India
;

extension of cultivation.—Other Asiatic countries : China ; Japan and
Java; Bokhara and Turkestan; Asiatic Turkey; Syria and Persia;

Cj^prus.—European countries: Turkey, Greece, Italy, and Spain.

—

Differences of quality.—Geographical names the best.—Tabular state-

ment of leading varieties : countries of production ; names ; districts

where grown ; length of staple and diameter of fibre ; descriptions

;

capabilities and uses. —Principle of classification; classification of lead-

ing varieties.—Standard qualities and variation of these.—Careful

selection required.—Mechanical structure of the cotton fibre : the cotton

pod ; stages of growth ; the seed ; the fibre
;
growth of the latter ; causes

of its twisted or convolute form
;
immature and undeveloped fibres.—Its

mechanical structure, the basis of its usefulness.—Pecent curious disco-

very by the microscope.—Cotton fibres compared with the other textile

fibres.—Important general principles in spinning and manufacturing
deduced from experience.

NO plant, considering its importance to mankind, has

received less attention from scientific men than the

cotton plant. This is probably owing to its habitat being

outside the countries where science has been most highly

cultivated. The consequence is that amongst botanists there

prevails considerable differences of opinion concerning the

number of species and varieties that exist. The plant is

classed in the order Malvacece, under the name of Gossypium.

LinnaGus divides the genus into five species ; De Candolle

reckons thirteen ; and other botanists have enlarged this

number. But Dr. Royle, a most careful investigator, re-
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duces the number to eight, and believes that these can be
brought down to four primary ones, namely, Gossyjjium

herbaceum, arhoreum, hirsutum, and Barbadense.

The first-mentioned of these species, the Gossijpium her*

G. herhaccum.

baceuon, grows from four to six feet high, bearing a yellow
flower. The seeds are covered with a short grey down,
whilst the fibre it bears is classed short. It is found
native or exotic in Egypt, Asia Minor, Arabia, India, and
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China. The short stapled variety of Egyptian cotton is of

this species. Fig. 1 is a representation of this plant. The
Indian cottons are the product of a variety named by
Lamarck the G. Indicum. This grows from eight to ten

feet high, and, like the allied species generally, bears a

yellow flower, the seeds being downy, and the fibre short-

stapled and very white. Figs. 2 and 3 show the fibres of

these two plants enlarged under the microscope, the first

being Surat and the second Smyrna cotton, shown upon
micrometer lines on glass —

q-o °^ ^^ ^^^^ apart.

The (rossT/pmm ar&ore2im, when full grown, attains a height

of from fifteen to twenty feet, from which fact it derives its

name. The flowers are red, the seeds covered with a

greenish-coloured fur, and enveloped in a fine silky wool,

yellowish-white in colour. It is found in Egypt, Arabia,

India, and China.

The 0. hirsutum is a shrubby plant, its maximum
height being about six feet. The young pods are hairy,

the seeds numerous, free, and covered with firmly-

adhering green down, under the long white wool. It is

probable that this is the original of the green-seeded

cotton, now cultivated so extensively in the Southern

States of the American Union, and which forms the bulk

of the supply from that source.

The G. Barhadense (Fig. 4) grows to the height offrom six

to fifteen feet. Its flowers are yellow, and its seeds black

and smooth, being quite destitute of the hair that dis-

tinguishes several members of the species. As implied by
its name, it is a native of Barbadoes, or has been culti-

vated there for a long time. The cottons most highly

esteemed in commerce belong to this species, having pro-

bably undergone only slight modification as the result of

climatic influences and variations in the method of cultiva-

tion. The Sea Island and Bourbon cottons, from which

the fine yarns used in the manufacture of lace are made,

the long-stapled Egyptian, and several other good varie-

r.ies* are said by some writers probably to be from this
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stock, as they possess many points of identity or resem-

blance. If this is so, it has, however, undergone consider-

able alteration by its transfer to new localities, and changes

in the method of cultivation, as may be seen from the

Fig. 4. Lrossypiam Barhadense.

annexed drawing, Fig. 5. Fig. 6 shows the fibres of the

Sea Island variety ar. enlarged under the microscope.

A remarkable species or variety, the Gossypium religio-

sum, exists in India. It has for ages been devoted to the

manufacture of clothing for the Brahmins, the religious

caste of Hindoo society ; it is arborescent, and carries a
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purple bloom. The seed is stated to be small, nearly

globular, covered with a greyish-white down and some
hairs, of which those round the point are much longer

Fig. 5. Sea Island plant of Georgia.

than the seed, though few in number. Two varieties are

known—those of Wanquebar and Cambaye. The yield is

very small from both of them, and the filaments being

condensed closely round the seed, renders it unfitted for
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ginning. It is therefore hand-picked, and takes a woman
from twentj-six to tbirty hours to pick one pound of lint.

Formerly it was picked by nuns, whence one of its names,
" nuns' cotton." Fig. 7 shows the fibre enlarged under
the microscope.

It will probably be best to let this general description

of the most strongly-marked species suffice, because

botanists have never yet agreed about the characteristics

upon which subdivision into varieties should take place,

all the points hitherto selected for this purpose having
proved unsatisfactory.

Whether the cotton plant is a native of India, and from
that country has spread over the localities in which it is now
found, or whether it is indigenous to several of them, is a

moot point amongst authorities, and one which there need

be no attempt made to decide here, as either natural agency

or human instrumentality may be regarded as sufficiently

powerful to have accomplished the result. Those parts of

the world in which cotton is or can be grown constitute a

broad zone extending 45" north to 35° south of the

equator. Reference to a map will show that it includes

a space extending from the European shores of the

Mediterranean to the Cape of Good Hope, from Japan to

Melbourne in Australia, and from Washington in the

United States to Buenos Ayres in South America, with

all the lands intermediate between these several points.

These include the Southern States of the American Union,

from Washington to the Gulf of Mexico, and three-fourths

of South America, the whole of the African continent, and

Southern Asia from the Bosphorus to Pekin in China.

The vast area of Australia is also within the cotton zone,

and the islands lying between that country and Asia. It

will thus be seen that however large the ultimate demand
may become, the supply will not fail for want of land in

suitable climates on which to produce it.

At present, however, cotton is cultivated over only a

limited area. In manycountries it is grown to a small extent,
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Fig. 6. Sea Island cotton.

21

fig. 7. Keligious cotton.
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to supply the requirements of domestic manufacture ; but
these instances are diminishing in both number and extent,

owing to the successful competition of European pro-

ductions, chiefly English. The concentration of cotton-

manufacturing in a few great centres has greatly stimulated

the growth of cotton in a few localities where climate, soil,

and circumstances are most favourable to its successful

cultivation. The principal of these, in the order of their

importance, are as follows—the southern portion of the

United States, India, Egypt, and the Brazils. From these

countries nearly all the cotton consumed for manufacturing

purposes in Europe and America is obtained ; several other

sources, such as the West India Islands, the West Coast

of Africa, and Asia Minor, contribute a small quantity to

the bulk. A large amount is produced in China, but this

is almost, if not entirely, consumed in the native manufac-

tures. Successful attempts have been made to grow cotton

in IN'atal, N'ew South Wales, and Queensland ; and should

economic circumstances ever favour the cultivation of the

plant in those regions, they will be capable of supplying

a great portion of the world's needs.

In commerce, cottons are not designated by their scien-

tific appellations, but by names derived from the districts

or countries in which they are produced. Thus, " Sea

Island " is chiefly grown on the small islands near the

coast of Georgia and the Caroljnas, and upon the coast line

of the mainland. If this variety be cultivated further

away from the sea, it rapidly deteriorates in quality.

*' Uplands " cotton is raised in the interior upon the higher

lands of the States ; hence its name. Brazilian, West Indian,

African, and Surats, are geographical adjectives, which

sufficiently reveal the origin of the cottons to which they

are applied.

In all countries cotton is generally grown upon the light

loam or sandy soils, which, receiving and retaining the

heat, whilst the substratum holds a good supply of

moisture, force the plant into the most luxurious develop-
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raent. In deep rich soils, it develops too much leaf and
stalk. Cold damp clays are unsuitable for it.

The soil is prepared for the reception of seed by plough-

ing during the winter months ; and sowing takes place in

March, April, and May, according to countries and locali-

ties ; the object being to avoid the exposure of the young
plants to late frosts, which are extremely fatal to it. When
thus caught, it is often necessary to replant the whole
area. The fields having been prepared for the recep-

tion of seed, this, in some cases, is deposited in drills or

furrows, at such distances apart as will allow space for the

proper growth and healthy development of the plants.

Five or six seeds are planted together, and afterwards

thinned out as may be necessary. In other cases, holes

are made in the soil with a stick or dibble, by men,

and the seeds are deposited by women who follow them,

whilst boys and girls come after with light hoes, and
cover them up. The distance between the farrows is gene-

rally about six feet from centre to centre, the space being

left sufficiently wide to allow the labourers to pass

between during the picking season. Large areas are thus

rapidly planted in favourable weather ; when it is wet, the

labour is much greater. Sowing finished, the efforts of

the planter are directed to keeping his fields free from

grass and weeds, which impoverish the soil, impede the

growth of the plant, and diminish its product. Greaf

care, and often labour, is required in the fields until

the picking season, which commences in the latter part

of July, and lasts until the frosts kill the plant, flower-

ing and fruiting proceeding simultaneously until that

occurs.

The picking season is the busy time on a cotton planta-

tion. All hands are requisitioned, as the quality and clean-

liness of the crop depends, to a large degree, upon its

being quickly gathered after the bolls have opened. Should

it be left on the plant long after opening, it is liable to be

injured by the heat of the sun, which overdries it ; or by
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rains, whicli stain it; or, again, by winds wliich load it

with sand, or dust and dirt of various kinds.

The cotton fields are so arranged that a section can bo

given to each picker, who, provided with a bag tied round

his body, and a sheet or large basket, which he leaves at

the end of his section, passes rapidly between the rows
using both hands, picking the opened bolls on each side,

until he gets to the end, when he empties the contents of

his bag upon the sheet, and recommences his work. Picking

is an operation requiring considerable skill and expertness.

The picker has to seize at the first effort the whole of the

cotton of each boll, and bring it away in his fingers,

taking care also not to bring with it any of the boll leaf

or petals, which is difficult to remove subsequently, and
seriously deteriorates the quality. The average amount
picked by each labourer in ordinary fields is about one

hundred pounds of seed cotton per day, though here, as in

all occupations, there are individuals who pick a weight

considerably beyond this. The pickers go to the fields

with the opening of day, and work, with little intermission

for food or rest, until darkness closes in. Picking is a very

unhealthy occupation in wet seasons, owing to the damp
and rank undergrowth, which gives off*, under the influence

of the hot sun, heavy and noxious vapours, the cause of

fevers, agues, and many other diseases. This description

chiefly refers to the culture of American cotton, but it

may also be accepted as typical of that of other countries.

The picked cotton is carried to the store-house of the

plantation or farm, generally at the end of the daj's

labours, where it is kept until it can be ginned : that is,

have the seed separated from the fibre. In the prepara-

tion of the finer qualities much more care is exercised than

in the case of medium and low sorts.

The rapid extension of cotton cultivation in the Ameri-

can States has led to numerous attempts to invent a

machine for gathering the crop. As yet these have nob

been successftd, all revealing such defects in practical woik-
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ing as to prevent their adoption. The cotton crop at the

present time is chiefly limited bj the picking capacity, and

should this difficulty be overcome by mechanical appliances,

a revolution and extension of cultivation quite as great as

that which followed the invention of the saw-gin may be

expected to result, followed by 8. great reduction in price

and increased consumption.

A brief glance may now be given at the specialities of

the different fields of production, and their relative im-

portance.

UxiTED States.—The American cotton crop in amount
probably exceeds that of all other countries put together.

The cultivation of the cotton plant in that country has

attained its present magnitude in less than a century, and
is at present expanding more rapidly than at any previous

time. The area of land laid under cotton was in 1881
estimated to be near 18,000,000 acres. In a favour-

able season this would represent a crop of 9,000,000 bales;

in an unfavourable one only half this amount. Cotton

cultivation in the States has not attained this great posi-

tion without passing through numerous trials that in

the hands of a less enterprising people would have de-

stroyed it. In illustration, we may mention the great

Civil War. The results of that struggle ending in the

abolition of slavery have been important. Free and more
intelligent labour is now employed ; cotton planters, met
by the energetic competition of northern immigrants, who
are now in great numbers settling upon the cotton lands

of the south-western States, are putting forth new energy.

Better systems of cultivation have been introduced ; fer-

tilizers are extensively employed, and the production of

lint per acre, which had fallen to an average of about

150 lbs., has during the past few years been steadily

rising, and now reaches nearly 200 lbs.

Labour and the different materials necessary for raising

cotton being articles of unstable value, the cost of produc-

tion necessarily fluctuates with changes in them. This
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cost has, however, recently been estimated for a farm of

150 acres exclusively devoted to raising cotton, as

follows :

—

Interest at 7 per cent, on value of land ^1,500

„ on value of four mules, implements,

&c., $550
Repairs of fencing at 13 cents per acre .

Wages of one white foreman and manager

„ ,, three negro ploughmen .

Provisions for four hands . .

Food for four mules (one year)

Salt and potash for manure @ $1 per acre

Twelve bushels of cotton seed for planting and
manure per acre 1,800 @ 10 cents

Hire of eight extra hoe hands six weeks
Extra labour for picking cotton

Toll of l-15th for ginning

Taxes @ 1^ per cent, on $2,050 .

Aid for sundry incidental expenses

Interest on outlay of $1,700 @ 12 per cent

average time four months .

$150.00

38.50

19.50

200.00

210.00

100.00

300.00

150.00

180.00

120.00

120.00

195.00

25.12

100.00

68.00

Total expenses $1,831.12

As production varies all the way from 150 lbs. to 260 lbs.

per acre, it will be safe to take a mean of these two
amounts, or 205 lbs., which for 150 acres will give a yield

of 30,750 lbs. at a cost of 5.95 cents per pound. Adding
75 cents for costs of transit, and other charges, from the

interior to the ports, we obtain 6.70 cents, to which must
be added 2.50 for commission, ocean transit, and landing

charges at Liverpool, making the total cost laid down in

that port equivalent to about 4|c?. per pound, for a quality

equal to average strict good ordinary. This estimate,

however, does not take into consideration the profit derived

from the sale of the seed, which, during the past few years.
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owing to its having been extensively used for the extrac-

tion of oil, after which the meal that remains has been

utilized for cattle feeding, has been very considerable.

Assuming the product of lint or fibre to be 200 lbs. per

acre, the cleaned seed will amount to 400 lbs., the propor-

tion in ordinary years being two of seed to one of fibre;

the yield, therefore, from 1,800 acres would be 320 tons

of seed in addition to the fibre,^ which must be added to

the credit side of the above estimate.^

American cottons vary considerably in their charac-

teristics and qualities. Being grown over a wide area, on

different geological formations, at varying altitudes, on up-

lands with thin soils and a scant supply of moisture, and

in river valleys with deep alluvial soils with abundance

of water, there results the natural differences that might

be expected from these conditions. There are wide varia-

tions in the length and diameter of the fibres ; in the thick-

ness of the walls and the number of the helical twistings.

These differences are greatly increased when comparison

is made between cottons grown on plantations or farms

some distance apart. Also the system of cultivation pur-

sued has an important effect on the quality of the crop.

Where the grower trusts entirely to the natural fertility

of the soil, especially in the older settled lands, the quality

of his product will compare badly with that of his neigh-

bour using fertilizers. Those persons whose experience in

using American cotton extends beyond the period of the

Civil War and the destruction of slavery, will remember

the greater uniformity of American cottons at that time.

Then it was possible to purchase repeatedly from the pro-

duction of one plantation, where a large number of bales

' The oil mills pay for seed delivered at a railway station or river

landing $12 per ton, and as in the preceding estimate the cost of seed

has boen included, the above may be reckoned available for sale, yield-

ing $3,640.
^ Not more than one-fourth of the seed available is yet utilized in

this manner.
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had been grown under identical conditions, whicli ensured

uniformity of quality.

Since the fall of slavery and the decay of the planta-

tion system, cotton growing has passed into the hands

of small capitalists and farmers who cultivate the plant

as their intelligence and necessities may dictate, which

is too often in an ignorant and unscientific manner. These

farms are scattered on the banks of navigable streams,

by the side of railways, or near highways, in order to

secure facilities of transit. Their owners send their seed

cotton to gin-houses in the neighbourhood, where but

little care is exercised to keep the lots separate. Here
good, bad, and indifferently grown cotton is often mixed
together to the depreciation of the bulk. Cotton is not

usually baled either at the gin-houses or on the farms, but

is packed loosely in bags. These are purchased by dealers

who travel the country for the purpose, and are collected

and sold to another class of dealers called factors, possess-

ing baling establishments with presses, and who are found

both at the interior towns and the ports. Here the cotton

gathered from so many sources ought to be carefully

classified or graded before baling, but this is too often

negligently performed. Hence arise the frequent com-
plaints of cotton-spinners about false packing, several

qualities often being found in one bale. The current

crop (1882-3) is much complained of, on account of exces-

sive dampness, which there is too much reason to suppose

has been artificially introduced.

In these establishments there has also sprung up of

late years a vicious system of adulteration, in which
a great deal of rubbish is wilfully introduced into the

bale. The natural variation of the fibre, careless pack-

ing and fraudulent mixtures, render the task of the

cotton buyer exceedingly difficult, and one which requires

the most experienced circumspection and careful discri-

mination if an even quality of yarn has to be produced

from its use. It is no longer safe to entrust the mixing
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of American cottons to mill labourers, but it is almost
indispensable that the buyer or some qualified person

be present to watch the unpacking of each bale in order

to prevent a low quality of fibre finding its way into a
" mixing" intended to spin a good yarn. Owing to un-
even growth, irregularity of twisting, and varying diameter

of fibres, the latter do not combine so closely in spinning as

does Egyptian, in which these qualities are more uniform;
hence a soft, bulky, and comparatively weak yarn is pro-

duced. Notwithstanding these serious defects, American
cottons constitute the most important part of the world's

supply, being used for the production of the middle num-
bers of yarn, which form by far the greatest portion of

that required.

West Indies.—During the last century England ob-

tained its chief supplies of raw cotton from these countries.

The variety grown was called Anguilla, which was similar

to the present Sea Island, and from which the latter is said

to have been derived. The increased production of sugar

and the abolition of slavery caused the cultivation of

cotton greatly to decline, and at present the total produc-

tion is small.

Central and South America.—Nearly all the countries

embraced under this heading lie within the cotton zone^

and are capable of growing it in abundance, and of good
quality; but the political disorganization that seems a

chronic condition of most of them has prevented the de-

velopment of its cultivation to the extent that might have
bsen expected in view of the great market existing for the

crop in Europe. During the Civil War in the United

States considerable numbers of cotton planters emigrated

to these countries, and the production rose considerably.

Of late years, however, most of these have returned to the

States, and it has again declined nearly to its former level.

It is not probable that under ordinary conditions these

countries will ever become formidable competitors with the

United States.
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An indigenous species of cotton, the G. Peruvianum, is

extensively grown throughout the countries under notice.

It is arborescent, the plant attaining an altitude of from ten

to fifteen feet. It yields good crops for several years in

succession, and is renewed only about once in ten years.

In the mountain districts of the Andes it bears fruit until

the advent of snow and frost. The cottons known in the

market as Pernams, Maranhams, &c., are obtained from
this species. In Brazil the Orleans variety has been intro-

duced and extensively cultivated, and, as modified by the

change of locality, the product appears in the market as

*' Santos." The remainder of the Brazilian and Peruvian

varieties as known to commerce are simply described by
geographical adjectives, and are derived from either the

aiborescent species or the imported variety. The former

aie harsh and wiry in staple, and the latter soft, like the

American kinds from which they spring.

Egypt.—The most important cotton producing country

on the African continent is Egypt. Though the indigenous

variety has been known and cultivated for centuries, it is only

since 1820, when the Brazilian species was introduced, that

the cultivation of cotton has been systematically pursued,

and has become an important industry. The climate and

soil is exceedingly favourable, and the qualities of the

staple are of the highest order. The chief diflBculty en-

countered is the deficiency of labour, which greatly impedes

the extension of its growth. The crop is generally equal

to 400,000-500,000 bales of 400 lbs., and has on one excep-

tionally favourable season attained nearly 800,000 bales.

Two or three varieties of exotic cottons are grown; that

from Sea Island seed, or the G. Ba/rbadense ; the South

American, G. Peruvianum; and G. hirsutum. The first

named does not produce a staple quite so good as when
grown in its original habitat. These yield the white

varieties of Egyptian cottons, and in several respects fall

short of the best qualities of the thoroughly acclimated

«oi Is.
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The chief characteristics of Egyptian cottons are the

length, strength, and uniformity of their fibres, showing

great equality of growth, probably arising from the remark-

able freedom of the country from extreme changes of

temperature. In these cottons, however, there occurs a

varying quantity of short, hairy, or undeveloped, fibres.

This defective staple is found most abundantly in seasons

when the Nile has not risen to its usual height, and the

plant has therefore been deprived of a sufficiency of mois-

ture to secure full development. The opposite condition

arises when the overflow has been extensive, as then both

a greater quantity and higher quality are secured.

India.—Since the cotton famine in this country, the re-

sult of the American Civil War, India has formed an im-

portant source of cotton supply. The native varieties nearly

all belong to the G. herhaceum, and have been cultivated for

thousands of years for domestic consumption, and to a

limited extent for export. The great demand, and the

high price which prevailed for several years owing to the

above-named event, strongly stimulated production and led

to an improvement of the quality. The rate of progress,

however, has not been fully maintained.

The cottons of India are commercially known as Surats,

and are generally, like most others, characterized by the

names of the localities in which they are produced. The
best known are the Dharwar, Broach, Oomrawuttee, Dhol-

lera, and Hingunghat. The last is the best quality, and is

grown in the Central Provinces and the Berars. Exotic

cottons have not been very successfully cultivated, and
cfiforts have therefore recently been directed to improve the

indigenous kinds.

Other Countries of Asia yield cotton to a more or less

extent, but beyond sufficing for local wants the growth is

not of much importance. A brief enumeration of the dis-

tinctive features of these growths will, therefore, be all that

it is necessary to give in this place.

China produces a large quantity of cotton, but rarely
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exports any. During the cotton famine a fair quantity was
sent to England of a fine white clean cotton, not very

strong in staple, and therefore best suited for wefts, for

which it was mostly consumed. Nankin cotton is a variety

of the G. herhaceum.

In Japan, Java, and several other islands in that locality,

an inferior kind of cotton is grown, which is mostly con-

sumed in the same places.

Bokhara and Turkestan in Central Asia produce annu-
ally about 1,000,000 cwts. of a coarse description of cotton,

most of which is carried overland to Russia. In East

Turkestan a better quality is grown, which is capable of

taking the place of American. By stimulating the cul-

tivation of cotton in that district, it is said that Russia

hopes to establish her independence of external sources of

supply. Soil and dim ate are favourable ; the plant attains

a height of nine feet, and is moderately prolific.

The Asiatic portions of the Turkish empire produce a

fair amount of cotton, but with proper enterprise this could

easily be increased five or ten fold. It is most successfully

cultivated in the neighbourhood of Smyrna. The yield of

these districts amounts to about 75,000 bales annually,

which is mostly exported to the countries of southern

Europe. The varieties are chiefly those of the G,

herhaceum.

Syria and Persia are capable of producing a fair quality

of cotton. The latter country grows a considerable quan-

tity, and the export has formerly, on occasions, amounted

to as much as 100,000 bales.

Cyprus yields cotton of fair staple, and with the intro-

duction of enterprise and capital, might very largely aug-

ment its crop. It is grown in the districts of Larnaka,

Famagusta, Karpas, Lefka, and Kythrea. An average

crop at present does not exceed 2,500 bales.

Europe.—In Europe the countries bordering the Medi-

terranean sea are the only ones capable of producing cotton.

Tarkey, Greece, Italy, and Spain are all possible fields of
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culture, but the first three only utilize their capabilities. In
1864^, American seed was introduced into Italy, and under
the stimulus of high prices over 200,000 acres were planted,

the crop attaining a total of over 300,000 bales. It is at

present cultivated around Bari and Barletta on the Adriatic,

and in the districts of Salerno, Laron, Castellamare, south
of I^aples ; and in several places on the shores of Sicily.

The products are known in the markets as Pugliar, Castel-

lamare, Biancaville, and Terranova. A small quantity is

also grown in Sardinia.

This completes a brief view of the sources of production
that may be regarded as of commercial importance.

As may readily be inferred, cotton from over this wide
area will differ considerably in its characteristics according
to the species and varieties cultivated, and the climate, soil,

and other circumstances. The best staple is produced on
the light sandy alluvial soils of river valleys, where mois-
ture is rarely deficient, and in which the plant can send its

tap root down to and reach the supply in the driest seasons.

These conditions are highly conducive to uniform growth
of fibre in length and diameter, and consequently of its

convolute twistings. Thin soils and deficient and irregu-

lar supplies of moisture interrupt the growth and regular

development of the fibre, and so produce an inferior staple,

irregular in its length, diameter and twistings, not only

when one fibre is compared with another, but in the latter

qualities even in the length of individual fibres. Sea
Islands and Egyptian cottons are the most uniform and
perfectly developed staples, because grown under the most
equable conditions. American varieties came next, and
Indian cottons last in these respects. Of course all these

conditions can be modified by careful cultivation and arti-

ficial aids to nature, especially by manuring and irrigation,

which, however, enhance the cost of production.

As the climate of a district or country is, comparatively

speaking, a fixed element, having an ascertained range of

variation, the differences in the quality of the product

D
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within a given limit will also be known. Hence it will be

obvious that the geographical designations given to cottons

are the best and most useful that could be devised, because

they afford a clue to the most important circumstances of

its production. The species of cotton cultivated, the natu-

ral conditions surrounding it, the systems followed by the

growers, and the care and conscientiousness, or the absence

of these qualities, bestowed on the cultivation are, in a

general manner, revealed by the name of the country in

which the cotton has been produced. If we could wish for

any change in this respect it would be for its further elabo-

ration, in order to describe more definitely the locality of

growth, whether valley or upland, as this would still

further help the buyer to secure a uniformly grown staple.

In some American qualities this is done. The following

tabular form exhibits these characteristics in detail in the

most important cottons of commerce ;

—
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The details embodied in tlie foregoing table will, in

combination with the practical experience indispensably

necessary to safe operations in cotton buying, form a

useful guide to the selection of the class of cotton that may
be desired for any purpose.

Cotton is assorted into classes or qualities to suit it for

different uses, and to meet the wants of consumers in the

most economical manner. It is a leading principle in

spinning and manufacturing, and one that should never

be lost sight of, that the material employed for the produc-

tion of any kind of yarn should be of a quality sufficiently

good to make a satisfactory article without risk of failure
;

but that it should not be better, as all the quality above

that requisite is wasted; on the other hand, it should

never fall below the standard of requirement, as in that

event the loss on depreciation of quality would considerably

exceed any gain from the lower price of the raw material.

This is the principle underlying the classification of cottons.

The qualities chiefly considered in making the assortment

are: length of staple, fineness, strength, colour, smoothness,

and cleanliness.

The cottons produced in the Uniteid States are generally

divided into four classes : good ordinary, low middling,

middling, and good middling ; and these again into several

subdivisions. South American sorts form three : middling

fair, good fair, and good. Egyptian two : fair, and good
fair. East Indian three : fair, good fair, and good. The
Liverpool Cotton Brokers' Association possesses standard

samples of these classifications to which reference is made
in case of dispute as to correct classification. The brokers

individually form a set of reference samples by comparison

with the official standards of the sorts of cotton in which
they deal. This is for the purpose of ready comparison

when circumstances call for such a step.

Scarcely two cotton crops, however, are alike in point

of quality, and consequently the standard samples are sub-

ject to variation. According to the relative abundance,
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scarcity, fulness, or deficiency of particular characteristics,

the different grades are classed up or down from the official

standard as the cases may require. Thus, within a limited

range, there is a constant fluctuation of the standard.

The preceding illustration (Fig. 8) will perhaps convey

a more definite idea of the length of staple in several re-

presentative varieties than can be gathered from a verbal

description, or details in figures :—No. 1 represents Sea

Island, mean length of staple, 1.65 in. ; 2, Egyptian, 1.50

in. ; 3, Pernambuco, 1.25 in. ; 4, American, 1.10 in. ; 5,

Port Natal, 1.10 in. ; 6, Indian, 0.90 in. ; 7, Indian, 0.65

in. The number of these could be largely increased, but the

above specimens will be adequate for the purpose in view.

Practical skill and high discriminative power are needed

to select cotton of the proper quality to make any parti-

cular description of yarn, and these ought to be carefully

exercised in the operation of buying, as mistakes cannot

have their consequences entirely eliminated after the cotton

has passed into consumption.

The Mechanical Structure of the Cotton Fibre.—Of
the various species of cotton, the G. herhaceum is the most
widely distributed, and yields the greatest portion of our

supply. As such, it may be accepted as the representative

plant of the genus. It constitutes a small shrubby bush,

when mature being about the height of a man. Sown in

March, April, and May, it begins to bloom in June and

July, fruiting towards the close of the latter month, and
usually continues to bear fruit until killed by the frost.

The flowers are generally yellow, though a few varieties

have them of a reddish or purplish hue. The pod is pen-

dent from the branches by a small stalk, through which
nutrition from the plant is conveyed. The following illus-

trations, Figs. 9 and 10, and description from the recently

published monograph of Dr. Bowman of Halifax, an accom-

plished scientific inquirer and practical cotton spinner,

conveys a good idea of the cotton pod and the develop-

ment of the fibre.
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Fig. 9. Longitudinal section of cotton pod.

41
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Fig. 10. Transverse section of cotton pod.

The above figures represent longitudinal and transverse sections of

the Egyptian cotton pod. In each case the letters refer to the sanie

parts : A, stem ; b, section of calyx ; c, section of carpel ;
d, midweb,

with seeds attached; e, section of seeds; g, plexus of young cotton

fibres.

'' If we examine a cotton pod in the earlier stages of its

growth, we find, Fig. 9, that it is attached to the stem, a.
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of the parent tree by a small stalk. Immediately below the

pod itself we have a ring of leaves, four or five in number,
forming what botanists call a polysepalous calyx, and be-

tween which and the seed vessel itself there are the

withered petals of the corolla which formed the coloured

part of the flower of the tree. The pod or capsule itself

is the developed ovary, and consists of a hard outward
sheath, which is divided longitudinally into a series of

valves, differing in number in the different varieties of

cotton (usually three in Egyptian and four or more in

American). These valves have each a rib or septum pro-

jecting inward from the inner surface, and dividing the

capsule into separate compartments, in which the seeds are

confined.

" In the earlier stages of growth the seeds appear to be

attached to the inner margin of the carpilliary septa at

the point of junction of these septa, that is to say, at the

inner side of the carpel, where the two edges of the car-

pilliary septa unite, and they are connected to it by vas-

cular bundles, which proceed from below upwards, traverse

the carpels, and send a branch to each seed. At the same
time there is also a considerable development of cellular

tissue, forming a ridge or placenta on the margins of the

septa to which the seeds are attached. The seeds continue

this attachment until they have attained their full size and

the growth of the hair on the surface of the seed has com-
menced. It then becomes gradually absorbed, and the

seeds themselves are forced into the centres of the cavi-

ties by the gradual development of the hairy covering.

The structure of the cotton pod will be readily understood

by a reference to the annexed drawings, where, in Fig. 9,

we have a longitudinal, and in Fig. 10 a transverse section

of an Egyptian cotton-pod. Here the seed vessel or carpel

is divided into three separate compartments, each contain-

ing a lock of cotton surrounding the seeds which are con*

lained in them. The method of growth of the seed appeara

to be like that of a nut, viz., by the successive deposit of
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concentric layers on the inner surface of the outer enve-

lope. In a growing seed these successive layers are dis-

tinctly visible even to the naked eye when the seeds are

cut in two, the layers growing less dense as we proceed

inwards, until we come to the oleaginous milky fluid which

fills the centre cavity, and which gets smaller and smaller

as the stage of maturity is reached. The development of

hair commences at the further end of the seed from its

point of attachment, and gradually spreads over the sur-

face as the process of growth continues.

" The first appearance of the cotton fibre itself occurs a

considerable time before the seed has attained its final

growth, and commences by the successive development of

cells from the surface of the seed. These cells appear to

have their origin in the second layer of cellular tissue, and

force themselves up through the epidermal layer itself,

making good their attachment by the gradual absorption

of the cell walls of the outer layer, which they displace

and form a larger cell, out of which the linear propagation

of cells commence. This point, however, needs further

investigation, as, unfortunately, I have had few oppor-

tunities of watching the method of growth in its earlier

stages.

" These germinal cells are distinguished in their earlier

stages by the thickness of the cell wall in proportion to

the diameter of the cell, and the method of growth is by

the successive linear development of cells, the cell wall at

the point of junction being gradually absorbed until an ex-

ceedingly elongated cell is produced, which constitutes the

cotton fibre. During this period of growth the cell walls

are continually becoming more and more attenuated, and

gradually fill up the seed pod with an apparently tangled

plexus oif young cotton fibres, whose growth and increase in

the number of fibres as the seed continues to throw them

off tend to assist in bursting open the seed pod when the

time of maturity arrives.

" The length of the hairs varies considerably on different
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parts of the seed, and indeed it appears doubtful whether
thej ever attain their full length until after the pod has

fully opened, and the fibres themselves have been exposed

to the drying and ripening effect of air and sun. As a

rule the longest fibres are those which have grown on the

crown of the seed where the cell development makes its

earliest appearance, and the shortest are always found at

the base of the seed."

The foregoing constitutes a very clear and interesting

description of the cotton pod, the arrangement of the seed,

and the development of the fibre. Some of the conclusions,

however, appear open to question. The description of the

development of fibre from germinal cells in the dermis of

the seed, and which in this respect is remarkably similar to

the growth of hair and wool in animals, the statement of the

method of growth by the successive linear development of

cells at the apex of the fibre, and the description of the

absorption of the dividing walls at the point of contact so

as to form one exceedingly elongated cell, constituting the

cotton fibre, are doubtlessly quite correct, but it may be

permitted respectfully to differ from Dr. Bowman in re-

gard to his description of the concurrent and succeeding

phenomena of growth. It seems highly probable that

the elongated cell walls do not undergo attenuation as

the length of the fibre increases, but the opposite; length

and diameter increasing together in all but exceptional

and abnormal instances. It is more likely that whilst

growth is progressing the fibre preserves a hollow cylin-

drical form, in which the vital fluids of the plant circulate,

conveying to each part the material necessary for growth

and perfect development. In this process the cylinder

walls are constantly growing in thickness by the depo-

sition of material on their inner surfaces. When maturity

has been attained, and the seeds are ready for casting,

the vital fluids cease to be secreted and consequently are

no longer supplied to the fibres. That which the latter con-

tain is either absorbed by the seed or dispersed by desicca-
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tion—we incline to believe the former, the effect being that

a vacuam is formed in the hollow of the fibre. This ab-

sorption of the fluid is not instantaneous, but extends pro-

bably over several, say two or three, days. The apex

extremity of the fibre is a cone of what may be called

almost solid cellulose, which nearer the base gradually opens

into the tubular form, which is continued to the junction of

the fibre with the seed. As the circulatory fluids are

withdrawn, the vacuum is formed in the tube at the point

nearest to the extremity of the fibre, and at which it begins

to collapse owing to the pressure of the atmosphere, the

process closely following the retreating fluid down the

length of the cylinder to its base in the seed. The con-

sequence is that the free end of the fibre is twisted on its

own axis a considerable number of times, and as this is

going on simultaneously in almost every fibre of one pod,

the primary order of arrangement is disturbed to such an
extent that the carpel is burst open and the mass of fibres

is exposed to the dessicating influence of the sun's rays,

which quickly completes the process. The form of the

fibre has now been changed from the hollow cylinder

maintained during growth to that with which we are most
familiar, a twisted ribbon-like figure having corded edges.

This corded form of the edges is caused simply by the

bending of the fibre walls upon themselves in the action of

collapsing and is a necessity of a properly developed fibre.

Such the writer believes is the normal process of develop-

ment in the cotton fibre, which results in a mechanical

configuration that admirably fits it for the purpose which
nature designed, namely, the dispersion of the seed, and
also for the use to which it has been converted by man.

Against this theory it may be urged that in all pods of

cotton short, immature, or undeveloped fibres are always

to be found. In reply to this it will be sufl&cient to point

out that growth does not commence in all the fibres of one

pod, or indeed of one seed, simultaneously ; hence all do

not reach maturity at the same moment ; neither are all
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the germinal cells of the fibres equally vigorous in secre-

tive or circulative power : hence both length and diameter

of fibres may difier considerably. Neither does the safety

nor natural propagation of the seed require that all the

fibres of each seed should be perfectly developed ; it is

sufficient for natural requirements if they form a loose

flossy mass presenting a great surface with little weight

to the action of the winds, which, if not interfered with,

would carry them far and wide in the locality of their

growth. In some instances very thin transparent and
flat fibres are present : possibly owing to the reproductive

power of the cells operating in all their force whilst the

circulation of the vital fluid is weak, impeded, or entirely

obstructed. These undeveloped walls may collapse with-

out producing a single convolution of the fibre ; hence the

ribbon-like, transparent, and apparently structureless cha-

racter of these fibres.

The mechanical structure of the cotton fibre, as the

writer has observed in another place, is such that its per-

fect development has an important bearing upon its quality.

As received in this country mature or ripe cotton fibres

when placed under the microscope present the appearance

of irregularly twisted ribbons with thick rounded edges.

The thickest part is the root end, or base, that which was

attached to the seed. The diameter of the cylinder re-

mains without material change through, probably, three-

fourths of its length, after which it more rapidly tapers to

a point. The accompanying illustrations admit of a compa-

rison of the fibres of cotton at difi*erent stages of growth or

development. Figs. 11 and 14 exhibit a portion of mature

fibre and sections magnified. The latter show it to be a

collapsed cylinder, the walls as compared with the bore

being of considerable thickness. The one or two exceptions

to this form are probably instances in which the cylindrical

form has been ruptured. Fibres possessing these character-

istics are considered well developed, being the longest and

strongest. But amongst the perfect fibre there is always
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more or less of unripe, imperfectly developed, or dead fibre,

this being lessor more accordingly as the surroundings have

been favourable or unfavourable during the period of

Kg: 11. Fiff. 12.

^
^

I'ig. 13. Fig. 14. Fig. ir. Fig. 16,

growth. In commercial cottons, especially of the lower
grades, the proportion of defective fibre is always largely
increased by the practice common, if not general, amongst
cotton growers ofcollecting theimmature pods on^the cotton
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plant after the latter has been killed by frost, or from ex-

haustion of their vital power have ceased to grow. These
are dried and the lint stripped from them, which is added
to the bulk. The appearance of the unripe fibre is very
different, both longitudinally and in section, from that which
is mature. In Figs. 12 and 15 the half ripe fibre is shown
longitudinally and in section. In this case the ribbon is

flatter, the twists are fewer, and the thickness of the

corded edges is diminished. The sections show the col-

lapse of the tube to be so complete as almost to destroy all

trace of the original cylindrical form. The least ripe fibres

that appear in commercial cottons are illustrated in Figs. 13
and 16. The twisting is further diminished, and the corded

edge disappears altogether. The internal surfaces adhere

so closely that the hollow is quite lost, and the sections

appear like crooked bits of fine wire. This is owing to

the deficient quantity of the cellulose deposited. These
fibres are thin, brittle and weak, and incapable of taking

dye-stuff's in dyeing and printing.

Occasionally these defective fibres are found in greater

abundance than at other times, and more frequently in

irregularly grown cottons, or the cottons of those countries

where the plant is apt to sufi*er from a deficiency of mois-

ture, as in Indian cottons. When abundantly present they

greatly depreciate the working qualities of the bulk, and it

is an important matter in judging of cotton to be able to

distinguish them. This ability may be acquired by care-

ful observation, and in this the natural sight may be

beneficially aided by a powerful lens.

The mechanical structure of cotton fibres, especially in

having a convolute form and corded edges, peculiarly

adapt them for numerous uses. If they were cylindrical

like the fibres of flax and hemp, they would be too short to

hold together when spun into a thread. When the proper

structure is fully developed, in the twisting process they

become firmly bound together, one fibre folding over and

gripping the corded edge of another, thereby enabling a con-
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tiniious thread of considerable strengtli to be made. When
the finest and longest stapled varieties of cotton are used,

this thread is capable of great attenuation. Cotton gathered

from the unopened pod does not possess the perfect convo-

lute form in the fibre ; and, as seen in the illustrations, fibres

that from other causes are imperfectly developed come in

the same category : hence do not possess the same cohesive

power when spun into yarn. When present to any appre-

ciable extent they are the cause of serious defects when
the yarn or cloth containing them has to be dyed or printed.

The convolutions in Egyptian and American cottons are

more regular and the development more perfect than in other

descriptions, which fully accounts for the acknowledged
superiority of these varieties. The naked eye is incapable

of distinguishing these twistings, but the microscope shows
them to amount to from one hundred to three hundred an

inch, and closer investigation would probably show a wider

variation than even this.

It will interest the reader to have placed before him the

results of some very recent researches into the structure of

the cotton fibre. These have been conducted by Mr. John
Butterworth of Shaw, and were first made public in a

paper read before the Oldham Microscopical Society, on

April 10th in the current year (1883), and communicated to

the present writer for publication in tlie " Textile Manu-
facturer." In the year 1863 Mr. Charles O'Neil of Man-
chester, well known as a writer on tinctorial matters, had
been conducting some researches in connection with the

cotton fibre and its behaviour under certain chemical

agents. In employing Schweitzer's solution (an ammo-
niacal solution of oxide of copper) for dissolving cotton and
other forms of cellulose, he made numerous experiments

upon the former, watching its action upon the fibre by

means of the microscope. In the course of these he thought

he could discern four distinct parts of the fibre—1st, the

outside membrane, which did not dissolve in the solution

;

2nd, the real cellulose beneath, which dissolved, first swel-
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ling out enormously and dilating the outside membrane
;

3rd, spiral fibres, apparently situated in or close to tbe

outside membrane, not readily soluble in the copper liquid,

and which were not so elastic as the matter of the outside

membrane, and acting as strictures upon it ; these pro-

duced bead-like swellings of a most interesting appearance
;

and 4th, an insoluble matter occupying the core of the

cotton hair, which very much resembled the shrivelled

matter in the interior of quills prepared for making pens.

Mr. O'Neil noted at the same time that the outside mem-
brane, which was insoluble in the menstruum and imper-

meable to it, could not be found on cotton which had been

submitted to the usual bleaching process. It had been

dissolved away, or, what seemed more probable, some pro-

tecting resinous varnish had been removed, and then it

became soluble. These conclusions of Mr. O'N'eil were
questioned some time afterwards by Mr. Dancer, an eminent

microscopist of Manchester, who repeated Mr. O'Neil's ex-

periments, and saw what he saw, but concluded that the

spirals seen did not exist in the cotton fibre, but were
formed by the rotating or twisting of the hair under the

influence of the solvent. The disputed point has, however,

recently been further investigated and authoritatively set

at rest by the researches of Mr. Butterworth, who has

strongly confirmed the conclusions of Mr. O'Neil. Mr.
Butterworth carefully observed the behaviour of the fibre

while under the influence of the solvent, with various

powers ranging from 100 to 1,600 diameters, and saw it

clearly as represented in (1) of the annexed illustration.

Fig. 17. The longitudinal stria were scarcely perceptible

at from 300 to 400 diameters. Though the Fig. at d may
be slightly overdrawn, the spiral threads were clearly seen

apparently crossing in the manner shown, as well as being

tightly bound round the fibre at irregular distances, C form-

ing the bead-like swelling referred to by Mr. O'Neil. If

the solution is strong, this swelling of the cellulose is per-

formed so rapidly, as to burst these bands, and the field of
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the microscope becomes covered with them in broken cir-

clets. If the solution be only of moderate strength, the

swelling of the cellulose goes on slowly, and its striated

appearance comes into view beautifully. When strictures

occur near the end of the fibre the cellulose protrudes from

the end, forming a fan-like appearance, yet retaining its

striated character, as shown at a. The spiral threads

are often seen passing from one stricture to another, as

shown at b, and under a high power it can be seen that the

^g

1'"^

Fig. 17. Magnified view of cotton fibre.

rapid swelling of the cellulose has burst them asunder, the

ends of each thread showing that they have been torn

violently apart, as seen at c. In some instances the solu-

tion is not powerful enough to throw the cellulose into the

bead-like form, but it takes out the natural twist and gives

it a cylindrical form. Under these circumstances the

core of the fibre can be seen having the spiral form, as

shown in 2. Seen in transverse section, the fibres take

the appearance of concentric rings, 3 and 4, a state in

which they have been recorded by Mr. Walter Crum, an
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eminent calico printer of Manchester. In referring to the

waxy covering of the fibre which is removed by bleaching,

Mr. Butterworth stated his belief that its scanty or abun-

dant presence would be found materially to affect the work-

ing capabilities of cottons ; also that as long as it is present

a perfect bleach cannot be obtained.

The above is a condensed statement of Mr. Butterworth's

views upon this interesting subject. The illustration, how-

ever, reveals a few additional points and suggests some
further thoughts. The structure of a fibre of cotton is

shown by these drawings to be exceedingly complex, and

it may fairly be inferred that all is even not yet known.
The function or purpose of these curious threads appears

to be to impart strength to the tube or fibre, to preserve it

from rupture during the period of growth, when the vital

circulation of fibre is most active, and the deposited cellu-

lose least consolidated. It may be safely assumed that

the core of the fibre showing a spiral form consists of the

cellulose held in suspension in the circulating fluid, at the

moment circulation and deposition ceases, which is when
maturity is attained. The absorption and dessication of

the fluid leaves the solid cellulose behind in a thin shrivelled

film precisely as pointed out by Mr. O'Neil in the analogous

phenomenon seen in a dried quill. The transverse sec-

tions, 3 and 4, are exceedingly instructive, and appear to

fully substantiate the argument laid down a few pages

back relating to the phenomenon of growth. The con-

centric circles prove that growth is orderly and progres-

sive, while at the same time it is liable to be affected by

external conditions. Were growth perfectly steady and

at a uniform rate, the deposit of cellulose upon the inter-

nal surface of the fibre would be continuous, and would not

show the laminated form seen in these cases. These divi-

sions register, in all probability, periods of interrupted

growth arising from atmospheric changes, such as falls in

the temperature, great heats, or droughts, all of which so

visibly affect plant life. During these periods of arrested
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development the cellulose already deposited has time to

solidify or harden to such an extent, that when growth is

resumed only an imperfect union can be established be-

tween the layer previously deposited and the one which

then commences to be formed. The phenomena revealed

by Messrs. O'lSTeil and Butterworfch accord in every detail

with those of vegetable life in every other department.

The concentric circles shown in the sections are precisely

like the rings exhibited in the cross section of the stem or

Fie
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18. Animal fibres and sections.

trunk of a tree, and which mark the season's growths ; the

longitudinal fibres have their analogues in the fibres of the

flax, hemp, jute, and other plants of a kindred nature,

where greater strength is required to enable the jDlant to

attain to maturity and to propagate itself than could easily

otherwise be attained without the expenditure of additional

material. This would have been a wasteful act, of which

Nature, as the most perfect economist, is never guilty.

Whether the reader agree with these conclusions or not,
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it will readily be admitted that the phenomena are interest-

ing, and a knowledge of them can hardly fail to be advan-

tageous.

It will interest the student of spinning to see in what
respects the fibre of cotton differs from fibres of animal

origin. The accompanying illustrations (Figs. 18 and 19) of

various classes of wools and hairs afford the means of

making this comparison : A represents a fibre, and longi-

m
MB

m
iiiSff

W
F G n

Fio:. 19. Animal fibres and sections.

tudinal section of another, of merino wool ; b similarly

shows the Southdown wool, one of the finest and shortest

of English wools ; G and d Leicester and Lincoln wools, or

the long wools of this country, one portion of which are

also known as lustre wools, extensively used in the Brad-
ford trade. A common, coarse wool is shown in F ; whilst

G represents goat's hair, h shows a fibre of mohair ; i,

cowhair ; and J, human hair. The finest wools are from

T^o ^^ Q-ho- ii^ch in diameter, and contain from 2,600 to
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2,900 serrations in the inch ; medium fine wools are from

_^ to y^-Q inch in diameter, and contain from 2,000 to

2,500 serrations per inch. Coarse wools include all below

y±^ in diameter, and a corresponding diminution of the

serrations.

The knowledge acquired during the progress of the art

of cotton manufacturing has resulted in establishing cer-

tain general principles or truths relating to the art which
cannot be disregarded when it is desired that the best

possible results should be the outcome of the operation.

These may be briefly summarized as follows :
—

That the selected cotton should be as uniform in quality

as possible—that is, in the length, strength, diameter, and
convolutions of the fibre,—and should be uniform in soft-

ness and colour. When, from economical considerations,

it is advisable to mix different varieties in order to lessen

the cost, regard must still be had to this principle, in order

to secure the most perfect combination of the fibres, the

greatest product in yarn, the least in waste, and the thread

of the yarn uniformly solid, round, even, and strong.

Cotton should be thoroughly " mixed," even when only

one class is used—that is, the contents of the different

bales should be spread in thin alternate layers upon each

other, in order to modify any accidental diff*erence in the

bales arising from any cause, such, for instance, as care-

less or wilfully false packing. When several varieties are

used, this is absolutely necessary, in order to secure

thorough incorporation, and a uniform condition in the

blend.

The raw material must be thoroughly " opened," and

cleaned from impurities—that is, the matted fibres must be

disentangled, freed from sand, dust, seed, leaf, unripe

fibres, and any extraneous substance that may by accident

or otherwise have been introduced.

The fibres must next be laid in parallel order, and so

conducted through the successive stages of preparation

until that of spinning is reached. This must be accom-
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plished without the fibre being strained, doubled, broken,

rolled, or otherwise injured. When cotton is strained, its

convolute form is to a great extent destroyed, the power

of the fibres to interlock with each other when being spun

is greatly diminished, and the strength of the yarn corre-

spondingly lowered.

The strength of a fibre of cotton is measured by the

weight it will raise without breaking. The maximum
possible strength of a yarn is the aggregate strength of

the fibres which compose it, as shown in a section. This,

however, can never be obtained in practice, it being a well-

known fact that torsion does not increase, but greatly

diminishes the strength of fibres to which it is applied.

This fact teaches us that yarn should not be twisted more
than is necessary to secure the proper cohesion of its fibres

when under tension, if it be desired to obtain its maximum
of strength.

These are the scientific principles of cotton-spinning, as

demonstrated by all past experience, and the highest form
of the art is that in which they are most perfectly em-
bodied in practice. There are, however, few, if any, in-

stances in which the best result attainable is ever directly

sought. The economic question is always intruded, and

the problem resolves itself into one of how to make the

best article possible, consistent with securing a profitable

sale for the product. This, it will be obvious, is a very

different matter from the preceding one ; and as it con-

stantly confronts the practical spinner in the conduct of

his establishment, it ought to be thoroughly comprehended,

and its importance fully appreciated by the student of the

art, and the working men employed in each branch of

6he trade.
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CHAPTER ITT.

The Mill.

Essentials of successful spinning—Divisions of the trade.—Selection

of locality ; supply of operatives
;
proximity to markets for purchase of

raw materials and disposal of productions.—Site of mill ; sheltered

position, humidity, soil, water.—Roads; advantages of proximity to

residences of workpeople.— Materials decided by circumstances.—Sys-

tems of construction.—Illustration. Fire-proof mill
;
points of impor-

tance in structiu-e.—Arrangement of interior.—Engines ; transmission

of power to machinery
;
gearing, belting, ropes, advantages and dis-

advantages.—Arrangement of machinery.—Steam and water power.

—

Boilers and their adjuncts.—Care against corrosion.—Incrustations
;

their variety, danger, and wastefulness j soda, sometimes a remedy

;

economical heating.

COMPETITION in the cotton trade is now so severe,

both at home and abroad, that anyone newly adven-

turing therein cannot afford to neglect the slightest matter

that may be conducive to success. If possible the beginner

should start with a sufficiency of capital to secure a perfectly

new establishment, well found in every respect, and have a

balance left large enough to conduct its commercial opera-

tions with advantage. Without a level beginning, the

chances of success are proportionately diminished. The
locality must be well chosen, the site of the mill carefully

selected, the mill well constructed, the machinery must be

of the best for its particular purpose, the management must
be skilful, economical, and thoroughly honest. The mana-
ger must be perfectly versed in the practical details of his

business, and able to mannge men as well as machines.

The commercial division of the business must be con-

ducted with skill, prudence, foresight, and a fair share of

enterprise. Old methods of procedure must not be re-
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tained from an excess of conservative sentiment when it is

obvious that they have been superseded by improvements
;

and machinery must not be retained in work, though in-

trinsically in good condition, when mechanical invention

has rendered it virtually obsolete. Anyone not willing

to recognize and act upon these truisms had better not

invest his means in the cotton trade. Technical, scien-

tific and commercial knowledge, combined with steady

industry and prudent enterprise, are required to ensure

success.

The following pages will be devoted to an exposition

of the means whereby, from the materials employed, the

highest quality and the greatest quantity of production

may be obtained at the smallest cost. This task will be

rendered all the more easy by the fact that there is no
antagonism in the methods : what conduces to one result

being equally favourable to the other.

The mechanical treatment of cotton—the processes it

undergoes in its transformation into yarn—take place in

the mill. This, to most readers of the present essay, will

be a familiar edifice, though all may not be acquainted

with the essential qualities of a good or first-class mill, nor

with the conditions by which it should be surrounded.

Cotton-spinning is divisible into three or four branches :

the fine trade, chiefly located in Manchester and immediate

neighbourhood, in which the finest cotton yarns are pro-

duced; the medium fine trade, of which Bolton is the

gi^eat centre, and which is also found to some extent in

Chorley and Preston ; the medium trade, which constitutes

the great bulk of the cotton industry, and is principally

located in South-east Lancashire, and to a considerable

extent in the weaving districts of East Lancashire ; the

coarse trade which has its seat mainly in Oldham, Roch-

dale, Todmorden, and the Rossendale Valley districts, and

the waste trade spinning up the refuse material of the

preceding branches, which is almost concentrated in

Oldham.
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Having decided whicli branch to follow, this will, to

some extent, decide the selection of the locality ; this in

all cases ought to be a place in which an abundant supply

of trained and experienced hands can be had. Consistently

with this, it should be in near proximity to the principal

markets for the purchase of raw materials, and the sale of

the produce ; the cost of carriage inward and outward,

rather than distance merely, being the point on which a

favourable decision should hinge. The first is necessary

to success, as without it the production will be less than it

ought to be, thereby being burdened with a heavier pro-

portion of the fixed expenses of the establishment than is

that which comes from competing mills which yield a

high average ; the quality of the article produced will be

inferior, and will therefore sell for less money ; the amount
of waste will be excessive, and the depreciation of the

working plant unduly rapid. The important character of

these considerations, which relate mainly to the internal

economy of the establishment, will be obvious without

further remark. The second is connected chiefly with the

commercial conduct of the business, and is important, on

the ground that carriage charges for material or product

should not be a tax upon the profits ; but its chief value

consists in affording facile access to the markets in order

that the persons charged with the duty of buying and
selling may always be on the spot to take advantage of

momentary phases of weakness or strength that may pass

over the market : the former offering advantages in buying,

the latter in selling. If other circumstances than these

decide the selection of locality, care should betaken to see

that they fully compensate for the loss that will arise from

the absence of these advantages. The satisfactory deter-

mination of these points is extremely important, because

it can easily be demonstrated that it would be more pro-

fitable to plant a mill in a locality possessing skilled

labour and in proximity to the markets, paying full prices

for buildings and machinery, and providing a sufficiency of
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working capital, than it would be to accept one of the

same capacity as a free and untrammelled gift, but located

in a place not possessing these advantages. At the end of

a period of fifteen or twenty years the proprietor of the

former would be able to retire with a fortune, whilst the

owner of the second would be penniless, or only the pos-

sessor of a worn-out mill, which it would be folly to work
in competition with such as the first. The truth of this

statement has many times been amply demonstrated.

The locality having been decided upon, an appropriate

site needs to be found. A few practical considerations,

which should always be carefully attended to, will help to

settle this point. Cotton, it is well known, spins and
weaves best in a warm humid atmosphere. A valley pro-

tected from dry winds and open to moist ones will there-

fore afford eligible sites ; in other words, having particular

application to the English manufacturing districts, it should

be sheltered on the east and north, and open to the west

and south. The subsoil should be of stiff impervious clay,

which will afford a solid foundation for the mill, and in

the vicinity retain the rain-fall, as it were, in a subterra-

nean reservoir, evaporation from which in the dryest

seasons will moisten and soften the atmosphere of the

locality—a great advantage at such times.

An abundant and never-failing supply of water is an
essential requisite, otherwise space for an artificial reser-

voir will be required ; the latter will be best and most
economically formed on a clay subsoil.

Good roads giving easy access for cartage purposes, and

to and from the residences of the operatives, are impor-

tant. The site should be within such a distance of the

homes of the latter as would permit all employed to go to

meals and return within the time legally provided for that

purpose. Of course there will always be some exceptions,

in which operatives will come from too great a distance to

permit of this, and provision has then to be made for

allowing food to be taken upon some part of the premises
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not amenable to the visits of the factory inspector, or where
the law would be liable to be violated, entailing responsi-

bility upon the owner. This state of matters always en-

tails some extra supervision, and consequently cost andrisk.

A short walk in the open air, such as is had by going

home to food, is always invigorating and promotive of

health amongst the operatives, and ought, in all cases

where practicable, to be encouraged. It refreshes them
and breaks the monotony of their labour, to which they

afterwards return with renewed strength.

The fittest material for the edifice will be decided by
the circumstances of the locality. If stone lies in close

proximity and can be easily quarried, it constitutes an ex-

cellent, durable and cheap material. When stone is not

conveniently near, and the site selected contains clay from
which bricks can be made, these will generally be found

the most economical and suitable article. Should it be
necessary to provide a reservoir for water, any clay exca-

vated for this purpose, and also that obtained from the

foundation trenches, will be available for this use.

The systems of construction are various, and circum-

stances will best decide which shall be adopted. Mills have
ordinarily been erected on the non-fire-proof system, but

this of late years has become almost obsolete. Another
method is the partial fire-jDroof plan, in which the portion

most liable to destruction by fire—until recently considered

that part of the mill in which the preparatory machinery

is located—is constructed as far as possible without timber.

Of late, however, in consequence of the acceleration of the

speed in every department, and especially in the spinning-

rooms, both for mule, throstle, and ring frames, the risk of

fire has been rendered equally great in these departments.

The experience of the past few years, which has afforded

many examples of this fact, has established the public pre-

ference for the most modern plan, in which the whole
structure is made as nearly fire-proof as possible.

As an illustration of this system of mill architecture, a
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plan, longitudinal and cross sections (Figs. 20, 21, 22) are

given. These were prepared from drawings kindlj furnished

by A. H. Stott and Sons, mill architects of Manchester and
Oldham, and will adequately represent the method of con-

struction such as now prevails throughout the spinning

districts of South Lancashire.

To facilitate description, let it be assumed to be the plan

of an actually existing mill. On this supposition the

dimensions of the main portion of the structure are

295 ft. X 125 ft. It has four flats and a cellar. The
four flats are of suflScient capacity to contain 75,000 mule
spindles with adequate preparatory machinery. The foun-

dations are of coarse rubble on one foot of mortar concrete.

Those on which the columns immediately rest are of flag-

stones. The walls are composed externally of pressed

brick, and internally of common brick. The window
sashes are glazed in the lower part with rough plate, and
in the upper part with clear glass. The floors are sup-

ported upon cast-iron columns, in which brackets or arms
are cast. To these are secured rolled iron beams, the ob-

ject being to get two arches in place of one. Each pillar

bracket is connected with the next by an arch beam, to

form a complete continuation between the pillars and in

the direction of the brackets. The brick arches are 7 inches

thick at the base, diminishing to 4^- inches at the crown.

They are turned between the beams. Timber joists 2^

inches deep are laid across the beams, and the space be-

tween filled up with concrete. When this has become
thoroughly dry, the floors are laid with li inch deal boards

nailed to the joists. Boarding is, in many respects, pre-

ferable for all floors except cellars and blowing-room. The
floor of the cellar should be composed of bricks laid on

puddled clay, with passages formed of cement concrete or

flag-stones. The roof is constructed in the same manner
as the floors, but the concrete is laid level, and then covered

with two coats of asphalt, each -^ inch thick. These coats

are turned up the wall 18 inches all round, and protected
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from the weather by a dwarf brick wall built inside on the

asphalt. Constructed thus, the roof forms a reservoir

capable of containing 6-12 inches water. The object of

this is to render it thoroughly fire-proof. A greater depth

of water is sometimes preserved, and arrangements made
for utilizing it at a moment's notice in the event of fire.

When this is adopted, conduit pipes are laid to and around

the interior of each room, and provided with the necessary

taps. The stair-case is composed of stone treads with

cast-iron risers.

The roof of the engine-house is fire-proof, and supported

on large rolled iron girders ; that of the boiler-house is

of ordinary construction, containing ventilators. The
chimney is planned for an altitude of 210 feet, with an

external diameter of 17 feet, and an internal one of 8 feet,

tapering to an external diameter of 9 feet 10 inches, and

an internal one of 7 feet 6 inches at the top.

The points of chief importance in the construction of a

cotton mill, and which require careful attention in pro-

viding, are a solid bed for foundations, sound bricks or

durable stone, and good mortar. The walls should be

thoroughly true, well set, and quite perpendicular, and of

such strength as to reduce vibrations to a minimum. Win-
dows should be large to secure abundant light. The floors

should be so constructed that no cavities are left in them

to afi'ord lodgment for loose " fly," waste, and similarly dan-

gerous matter, that is liable to spontaneous ignition, and

may result in the burning of the structure. The inner

surfaces of the walls ought to be smooth and even, in order

to prevent " fly " collecting upon the inequalities, whence,

by a sudden inrush of wind on the opening of a door or

window it might be blown upon a gas jet, and a conflagra-

tion ensue. Every care should be adopted to secure im-

munity from the latter contingency, which means the

absolute destruction of so much capital. In many cases

a mistaken notion prevails that a proprietor is recouped

by means of insurance against the danger, but this is not
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the case. The insurance premium is a heavy tax upon the

earnings of a mill, but though a wise provision, and one

that ought never to be neglected, it does not diminish the

disaster to the extent of a shilling. A proprietor who has

his mill destroj^'ed after the payment of the first premium,

and receives the full value, has simply received engaged

contributions from the profits of other mills to make good

his loss. If this subject was thoroughly understood and

its importance fully appreciated, it would lead to more pre-

cautions being taken to prevent fire, and to promptly ex-

tinguish it when it has broken out. This might easily be

done at less cost than the amount of one annual premium,

and the liability to destruction be reduced one-half in

consequence, whereby a great reduction in the fire-tax

ought to be obtained.

Returning to the description of the mill : the arrangement

of the interior is as follows :—The ground-floor contains

the blowing-room, carding-room, warehouse, offices, and

entrance lodge. Over the carding-room are three spinning

rooms of equal dimensions. Above the blowing-room and

warehouse are situated the mixing-room for cotton, and

store rooms for sundries. Partially over the mixing-room

is the bale-room, provided with a door opening on the end

of the mill, and fitted with a self-acting hoist. Level with

the bale -room is the reeling-room, and over these is a

twining or doubling-room. The boiler-house at the back

of the mill contains five Lancashire boilers 30 feet long

and 7 feet diameter, each having two circular flues 2 feet

inches diameter at the firing end, tapering to 2 feet

4 inches. Behind the fire are inserted six Galloway tubes.

The boilers are fed with water from the hot well of the

engine. Behind each boiler is fixed a fuel economizer of

ten pipes width : in all 360 pipes. Passing through these,

under the waste heat from the furnaces, the feed-water

attains a temperature of 280*^ F. before reaching the

boilers. The latter are usually worked at a pressure of

90 lbs.
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The engines are of the tandem type, with low pressure

cylinders in front and high pressure behind, on the same
piston ; the former are 40 inches diameter, the latter 21

inches. The stroke is 6 feet. The air-pump is situated

under the slides of the piston-rod, and is worked by a bell-

crank lever ; it has a stroke of 3 feet. The condenser

stands by the side of the air-pump. The ordinary vertical

type of the latter is still the most popular amongst prac-

tical men. The fly-wheel is 30 feet diameter ; its periphery

is 5 feet 6 inches broad, and is grooved for the reception

of twenty-three ropes. The grooves are V-shaped, and of

such depth that the ropes do not touch the bottom. The
ropes are of hemp or cotton, the latter proving most dura-

ble in wear ; they are made in different ways. In the

centre of and extending around its periphery are cast a

set of cogs for barring the wheel round ; these can also bo
used for moving it by a small bar-and-ratchet arrange-

ment.

Power is transmitted directly from the engine to each

compartment of the mill by means of the above-mentioned
ropes, which are received by a grooved drum fitted upon
shafts that extend throughout the length of the mill. In
the carding-room the central shaft driven from the engine

is turned by five ropes, and makes 220 revolutions a

minute. Two other shafts, one on each side, run parallel

with the central one, and are driven from it by ropes at

the same speed. The shaft nearest the rear of the mill

supplies the motive power to the carding engines ; the

middle shaft to the drawing frames, slubbing frames, and
intermediates ; whilst the one furthest from the engine

drives the roving frames, the willows, and the openers.

In the spinning rooms the shaft driven by the engine ex-

tends the length of the mill, and makes 220 revolutions a

minute. In the top room a shaft is carried over the ware-
house part, and drives the twining-jennies. The bale-

room, which receives the raw cotton as it is hauled in from
the mill yard by means of the automatic hoist, is provided
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with openings in the floor, bound with cast-iron frames,

having covers of the same material. Similar provision is

made in the mixing-room for passing the raw material to

the blowing-room. At the corner of this room nearest the

chimney is a dust-flue for carrying away the dirt and sand,

separated from the cotton by the willows, openers, and
scutchers.

The system of transmitting power by means of ropes is

of quite recent introduction, having been originated, we
believe, in the north of Ireland amongst the flax mills,

whence it was shortly introduced into Scotland, and
thence quickly found its way into the cotton manufactur-

ing districts. When it was comparatively little known
the present w^riter, through the medium of -the Textile

Ma7iufacturer, drew the attention of the trade to its great

advantages. These were so obvious, that in public esti-

mation it has now taken the lead of either the old system
of gearing or the more modern one of belt driving.

In first cost it is fully 30 per cent, less than either gear-

ing or belts ; it is free from the great risk and danger
attending the fracture of gearing, and is clean and noise-

less in operation, adding much to tho comfort of the

workers, diminishing the cost of superintendence, and to a

great extent obviating " break-downs," with their destruc-

tive results and disorganization of business. The ropes

are always suflicient in number to allow of one or two
being thrown off", if need be, for replacing when worn, or

tightening when slack, which is done by cutting a portion

out and splicing the ends together. A rope can be thrown
ofi" any meal time, and be got ready for replacing by the

time the next stoppage occurs, the engine running and the

mill working just as usual in the meantime.
The machinery is arranged with a view of rendering the

processes consecutive, and to incurring the least possible

cost for handling the cotton as it passes through. For a

mill of the dimensions indicated, and designed for spinning

what are known as Oldham counts, two willows and two
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openers are required to serve twelve single beater scutcliers.

These provide laps for fifty-four double carding engines,

50 inches on the wire. Sufficient sliver is produced on
these to supply nine drawing frames of three heads of six

deliveries each, which in their turn serve nine slubbing

frames of eighty spindles each, whilst the latter give fall

employment to twelve or thirteen intermediates of 124
spindles each, the production of these being taken by forty

roving frames of 168 spindles each. In a mill spinning

32^. warp yarn and weft to correspond, the above-

named preparatory machinery suffices to supply the com-
plement of spindles, about 70,000. Twining or doubling

is a subsequent process.

In England steam is usually the motive power employed
for driving a mill ; on the continent and in America water-

power obtained from falls and running streams is often

used. The varying quantity and the uncertainty of the

supply, however, renders this an unreliable source of

power. Of recent years, therefore, auxiliary steam power
has frequently been laid down where it was not desirable

that the processes of manufacture should be interrupted.

There are many varieties of boilers, difiering in construc-

tion and details according to the views of the respective

makers, but into these the limits of space will not allow us

to enter. The same objection applies to all discussion of

what may be termed the adjuncts of boilers, such as fur-

naces, fuel economizers, injectors, water and steam gauges,

&c. A few general remarks must suffice.

In furnishing a mill the boiler power should be suffi-

ciently ample to leave a good margin beyond all demands,
besides a spare boiler, to be used when the others are being

cleaned, or are undergoing repairs. The best form of

boiler is that which will generate steam the most quickly

with the least consumption of fuel. It should be of good
form, so as to possess an equal power at all parts of resisting

pressure. It should be well and equally stayed. All

valves, gauges, <tc., should be simple, not liable to get out
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of order, and be easily accessible for inspection and repfiir
;

every necessary for their safe and proper workiiig should

be provided and be close at h^nd. The boiler-bouse should

be rain-proof, and the boiler be carefully guarded against

water in contact with its external surface, by which it might
be corroded and weakened. Internal corrosion, the most
frequent cause of boiler explosions, can be reduced to a

minimum by the use of a good feed-water heater, in which
the supply of water should be raided to a temperature of

about 200 degrees before it is injected into the boiler. This

heat expels the atmospheric air, the oxygen of which is

the chief source of corrosion. The best plan of all would
be to render boiler plates incorrodible by the application

of a coating of magnetic oxide, which would increase the

safety and durability of the boilers very greatly. Of late

years great improvements have taken place in the construc-

tion of valves and gauges, and every boiler should be fitted

with the best forms, incorrodible, and secure against being

tampered with. Gauges should be cleared from sediment

by frequent blowing out.

Incrustations in the boiler are a source of expense, trouble,

and great danger. The nature of incrustations diflfers

according to the nature and quantity of the minerals with

which the water supplied to the boilers may be charged.

This varies in different districts. An enormous waste of

fuel results from the presence of scale or incrustation. A
deposit of -^ in. thick, will require the consumption of 15

per cent, more fuel, and ^in. 60 or 70 per cent., whilst

scale of 4- in. thickness would require 150 to 170 percent,

more than would be needed to obtain a given pressure of

steam without the^. According to experiments that have

been made in the United States steam can be generated to

maintain a pressure of 90 lbs. per square inch, with the

water heated to about 320°F., which, with a well-constructed

boiler having ± in. plates, will require a furnace heat of

about 5° over this. When scale is present, however, the

heat required is enormously increased, so that in the pre-
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sence of scale i in. thick, the furnace temperature would
require to exceed 700^ This, of course, no boiler could

be safely put to. From this it would be obvious that for

economical and safe working, boilers ought to be kept care-

fully cleaned. The formation of scale is a great annoyance,

and its removal a source of difficulty and severe labour,

having usually to be chipped off by hammer and chisel.

Deposits which do not cake and form scale are much more
easily removed, and the chief objects of anti-incrustation

articles is to secure that all deposits shall be laid in the

form of friable dust which can be blown off. Necessarily

the chemicals employed to effect this purpose must be varied

in different districts according to the chemical constituents

of the waters in use. An eminent firm in Manchester has

found an efficient remedy in the addition of a little carbo-

nate of soda or soda ash to the feed water, the water thus

being preserved in an alkaline state. For over fifteen

years this has enabled them to do without chipping any
boiler on their premises.

The construction of the boiler seat should be such as to

utilize the heat of the furnace to the fullest possible extent,

and to prevent all loss by reducing radiation to a minimum.
To secure these ends care must be directed to bringing the

heat from the furnace into contact with the boiler surface

wherever practicable, and that which is unused after pas-

sage through the flues ought to be utilized for heating the

feed waterbefore it escapes up the chimney. All the materials

employed for the lining of the boiler seat ought to be

non-conductors of heat.

A regard for economy, efficiency, and durability should

govern every step decided upon in the arrangement and
construction of a mill from the choice of site, through the

erection, and down to the smallest detail of the mechanism.
The construction of the furnace, the plan of the bars,

and the use of mechanical stokers in order to secure the

perfect combustion of fuel, are matters demanding careful

investigation and consideration. These are, to some ex-
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tent, dependent upon the kind of boiler employed, but of

all there are several varieties to select from, and approxi-

mate efficiency can be easily attained.

Engines are obtainable now in almost any conceivable

type to suit requirement, but for turning a cotton mill the

old vertical form, or beam engine, or the more modern
horizontal are generally selected as the most reliable, econo-

mical and durable. In both these makes a high degree of

excellence has been obtained, and the purchaser will have

no difficulty in suiting his requirements.

There are three principal means of transmitting motive

power, by gearing, belting, and ropes. The first is the one

which has been in vogue for a long time, and it has until

quite recently maintained the lead in public estimation,

but more from the absence of competitors than from its in-

trinsic merits. It is a crude system, and mechanical

engineers have never been able to eliminate its numerous

defects. It is costly in the first instance, expensive to

maintain, and liable to very destructive breakages. Its

minor evils are that it is dirty, noisy, and incommodious

for examination or repair. ^N'early all these evils are

obviated when the plan of driving by belting is adopted.

The first cost, however, is not much reduced, as, owing to

the necessity of employing the best quality of material in

order to secure satisfactory results, and the high price of

leather, the expense closely approximates to that of gearing.

Sometimes cotton belting is substituted with advantage.

Rope-driving is of more recent introduction. This system

possesses advantages over both the preceding : in first cost,

which is much less, in freedom from liability to break

down, in facility for effecting repairs, and probably, though

on this point the opportunities of satisfactory tests have

hardly yet been afforded owing to its novelty, in durability.
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CHAPTER IV.

Manipulation of the Materul.

Cotton spinning, definition.—Processes defined : ginning; packing;
mixing; willowing ; opening; scutching; carding; combing; drawing;
sliibbing; intermediate; roving; spinning ; doubling.—Cotton testing

;

test-book; mixing-book.—Hand-labour superseded by machine-labour

;

the operative a superintendent.—Cotton spinning : preparatory and con-

structive processes.—Mixing
;
preliminary examination and classification

of the cotton ; large mixings better than small ones ; importance of secur-

ing equal lengths of staples
;
process of mixing ; testing ; mode of using

;

prescribing mixings ; mixing in the lap.—Willowing or openuig
;
gene-

ral principles ; the Oldham willow, common and improved ; the Crighton
opener and its operation ; the porcupine ; the pneumatic feeding opener

;

an American opener.—The purposes of opening.—Injuries arising from
adulteration.— Injuries from excessive willowing.—Imperfections of the

willow; better principles of the Crighton and the pneumatic feed

openers.— Scutching, its purpose ; importance of correct feeding in the

scutching machine; the scutching machine, hand-fed; trustworthy at-

tendants; automatic weighing.— Influence of temperature and atmos-
pheric states on the weight of laps.—Lap-feeding; the piano feed, its

action.—The finisher lap machine, its function ; description.—Well
made laps ; causes of unequal laps.—A new automatic feed suggested.

—Clayton's lap roller.— Remax-ks : qualities of this class of machines
5

speeds ; construction ; cleansing ; oiling.

THE practical details of the art and the machinery
employed in it now demand consideration.

The manipulation or mechanical treatment of cotton in

all its processes np to the production of a cloth, after gin-

ning and baling in the country of growth, takes place in

the cotton mill. An enumeration and brief definition of

these processes at this point will obviate much repetition.

" Cotton spinning " implies in the aggregate every

operation involved in transforming raw cotton into yarn

—
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that is, into a single twisted strand or thread composed of

cotton fibre. " Spinning " has also a more restricted

signification, being used to denote the concluding process

of the series.

The writer, in another place,^ has defined the processes

of manipulation, mechanical nnd otherwise, that cotton

undergoes in being converted into yarn from the state in

which it is gathered from the plant, as follows :

—

1st. " Gmning.'"—This is usually performed in the

vicinity of the cotton plantation, the object being to remove
the fibre from the seed of the plant, and partially to cleanse

ifc from foreign matters.

2nd. ^^ Packing " or '^Baling.''—After ginning, the lint

is in a loose state, and unfit for convenient transport to

distant markets ; hence it is necessary to compress it into

less space, which is ordinarily performed by means of

hydraulic presses. The package leaves the press in the

well-known form, technically called a bale, in which
state it passes through the markets to the hands of the

spinners.

3rd. " Mixing " is the blending of different varieties of

raw cotton, in order to secure economical production,

uniform quality and colour, and an even thread in any de-

sired degree. Even when using only one class or variety

of cotton, mixing is in a measure imperatively necessary,

in order to neutralize the irregularities of growth and im-
perfect classification found more or less in all grades of

cotton. It is the first operation in a cotton mill.

4th. " WiUowing
.'''—This is a process of opening and

cleaning cotton which, except in the Oldham district, is

not much in vogue in modern mills, and is retained chiefly

for opening and cleansing low cottons, waste, &c.

5th. ^''Opening.''''—In consequence of the heavy pressure

to which cotton is subjected in packing, the fibres become
strongly matted together ; the opening process is to

^ Art. " Cotton Manufnctures."' Spon's " Encyclopaedia of the Indus*
trial Arts, ^lanuiactures, and Commercial Products."
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loosen tlicm, and to remove the heavier portion of the

foreign substances that may be intermixed. It is the present

equivalent of willovvinL'".

6th. ^^ Scutching ^* has a two-fold object, naraelj, the

further extraction of impurities, and the formation of a
" lap," which is a web or sheet of cotton formed in the

machine, and wound upon a small roller. In this web the

fibres lie in all directions.

7th. " Carding.'^—The foregoing operations have dealt

with cotton in the bulk. In carding, the process of opening
is continued, but the material is treated in its individual

fibres, which are taken from the lap, further cleansed, and
laid in a position approximately parallel to ench other,

forming a thin film, which is afterwards condensed into a

sliver—a round, soft, and untwisted strand of cotton. In
this process all short, broken, and immature fibre is, as far

as possible, removed.

8th. " Combing " is used for the production of fine

yarns, or those of high quality. Its object is to obtain

uniformity in the length of the fibres undergoing prepara-

tion. To accomplish this, all those shorter than the re-

quired standard are combed away and rejected. It is not

ordinarily used for any but the above purposes.

9th. " Brawingy— In this operation, several slivers

—

the product of the carding process—are combined, and
attenuated to the dimensions of one of the component
parts. The objects are to render the new sliver more uniform

in thickness, and to place the fibres more perfectly in

parallel order.

10th. ^^ Slahhing " is a process by which a further com-
bination of slivers is effected, and the objects of drawing
are more perfectly accomplished. The drawing or attenua-

tion of the strand is now carried so far that it becomes
necessary to twist it slightly, in order to preserve its

cohesion and rounded form.

11th. ^^Intermediate,'* or ^^ Second SIuhhing,*' is in all

respects a repetition of the above, necessary in cases where
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the most even and clean yarn is required. It is not ordi-

narily used in the production of low numbers.

12th. " lloving.^^—This is a continuation of the pre-

ceding, its principal object being to attenuate the sliver

still further. At this point, also, the latter receives addi-

tional twist, to enable it to bear the slight strain necessary

to draw it from the spool or bobbin without the formation

of uneven places.

1 3th. " Spinnmr).''^—The concluding process of the series.

The sliver is here attenuated to the required fineness, and

is given the twist by which the thread is completely

formed.

14th. "DoM5Zm7," sometimes a separate business, but

more often an adjunct to the preceding, is a method of

combining two or more threads to form a single cord, and

is adopted in the production of many varieties of yarn

which are used for widely different purposes.

The processes thus briefly defined constitute the opera-

tions of cotton spinning, and carry us as far in the manu-
facture of the fibre as it is designed shall be included in

this treatise. It will be the object of the writer to describe

the best ways and means now in vogue for attaining the

end sought by each process, to point out defects where

such may be obvious, and, if possible, to suggest improve-

ments.

Cotton Testing.—It is a customary and a wise proceed-

ing to test each purchase of cotton to find the average loss

of weight upon the same classes of the material, or upon
the varieties that compose the mixing in use. A small

quantity—say 5 lbs.—is taken from each bale, and passed

in succession through the scutching machinery and the

card, beyond which the test is not carried, as the loss that

occurs after Ihese passages is small, and can be easily esti-

mated. The parcel is carefully weighed after coming out

of each machine, and the particulars entered into a book

kept for the purpose, called the test or loss-book, which

thus becomes a valuable book of reference. The 5 lbs. of
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cotton, on its passage through the opener or willow, pro-

bably loses 3 0Z3., reducing the weight of what remains to

4 lbs. 13 ozs. Its next passage is through the scutcher,

where it loses 2 ozs. more, the balance being 4 lbs. 11 ozs.

The lap machine is the next passage to which it is sub-

mitted, and in this it most likely drops 1 oz. more

;

balance, 4 lbs. 10 ozs. Supposing there to be a finisher

lap machine after the last-named, the loss on its passage

through this will again be 1 oz. more, reducing the bulk

to 4 lbs. 9 ozs,, or thus far a loss of 7 ozs. = 8|- per cent.

A second useful book in the cotton room is the mixing-

book, in which are entered the dates of every cotton pur-

chase, the quantity, marks, and numbers of the bales, and

the gross, tare, and net weight of each bale at the time of

receipt. If the cotton is suspected of being damp, each

bale ought to be weighed again just before being used, and

any difference recorded, for which either claims may be

made, or the marks avoided in future purchases. The
price per lb. of ench lot should also be attached, as this is

required to ascertain the cost of the mixing. Similar

entries must also be made for any waste that maybe intro-

duced. In laying down the mixing, the quantity of each

sort must be carefully noted, the prices attached, and the

calculation extended, the totals added, and the sum divided

by the number of pounds the mixing contains, the result

being the average cost of the mixing put down. The test

sample of the mixing before spoken of will show the per-

centage of loss upon it, after which the cost is easily

calculable.

In the processes of manufacture the human hand, from

which the word is derived, and which formerly performed

nearly all the labour, has been almost entirely superseded

by machinery. Very little is now left for the operative to

perform, his or her task being reduced to one of scarcely

more than continuous supervision. From the mixing of the

cotton to the doffing of the yarn all the labour, strictly

speaking, is accomplished by mechanical appliances. It
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is important, however, that eacli macLine should receive

the most careful attention from those in charge of it, other-

wise defects will occur, and faulty work be the result.

The processes of cotton spinning are naturally divisible

into two portions : 1st. the preparatory ; 2nd. the construc-

tive. The first chiefly consists of the cleansing processes

by which the raw material is freed as far as possible from

sand, dust, seed, and leaf ; and short, immature, and unde-

veloped fibre. These include willowing or opening, scutch-

ing, carding, and sometimes combing. In the second divi-

sion is found carding, combing (where used), drawing,

slubbing, roving, and spinning. Mixing is the first pro-

cess, and does not, strictly speaking, come into either

division. It, however, is the first that requires attention.

Mixing.—The class, quality, and numbers of the yarn it is

intended to make having been decided upon, and purchases

of suitable material made, the first step to be taken is to

make a careful examination of all the stock of cotton pro-

posed to be used for the purpose in view, in order to be

assured that the proper quality has been received, and to

guard against mistakes that may have occurred in delivery,

errors of classification, false packing, and the diff'erences

of quality that is usually found to arise from the contents

of the bales having been gathered at difi*erent periods of

growth. It is usually performed by drawing samples from

two or three parts of each bale, comparing these with others,

and classifying or grouping them into lots having similar

characteristics. Cotton gathered prematurely differs from

that which is properly ripe in having fewer convolutions

or " twists " in the fibre, and also in being softer and weaker.

That which has been left too long on the plant, which is, in

fact, over-ripe, is shrivelled by the excessive evaporation of

the natural moisture of the fibre, and is thereby rendered

hard and harsh, and combines badly with the softer and

more pliable fibres of properly ripe cotton. It needs a con-

siderable power of discrimination, whichcan only be acquired

by experience, to discover these diff'erences. The person
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entrusted with the duty of classification ought to possess

keenness of sight and great sensitiveness of touch, which
he should carefully cultivate and develop to the highest

state of perfection attainable in his case. It is well to

make a mental note of the sensations experienced, and to

associate them with the quality of the result obtained in

the yarn. This examination and classification of cotton is

too often carelessly, perfunctorily, or ineflSciently performed,

and an unsatisfactory product is the result. It is probable

that if better attention was paid to grading the qualities

more perfectly, it would not be found, as now, that in the

best results spinners are only able to utilize about 25 per

cent, of the strength of the fibres entering into the compo-
sition of their yarns.

In order to secure uniformity of quality in the product

of a mill, it is best to lay down a mixing of cotton as large

as means and convenience will permit. One that will last

a month or six months is better than a small one that will

last only a week, as every mixing causes some slight

difi'erence in quality or colour. Where the yarn is sold,

these variations tend to excite suspicion regarding the

good faith of the producer to his customer, and require on
the part of the latter a constant watchfulness in order to

prevent the changes proceeding to such an extent as to

render the purchase unfit for its intended purpose. This

suspicion will place any spinning at a disadvantage in the

market, and tend to reduce the profit of a mill. Good
management requires therefore that it should be avoided

as far as possible. This can only be done in the manner
indicated above.

Where different kinds of cotton are mixed together, the

greatest care should be exercised in the selection of the

staples, so that they may all be of one length, or as nearly

so as possible. If short and long staples are put together,

the result will be excessive waste and poor yarn ; for

rollers cannot be set to work two lengths of staple at one

time with advantao:e. If they are set for the long staple,
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the short will fall out and become waste; if set for the

short, the long will be broken and also fall out ; and weak
and irregular yarn will be made. To combine the highest

quality in the product, with the greatest economy of pro-

duction, requires that long, short, or medium lengths of

staples should each be worked by themselves. When
waste is mixed with the cotton, which is practised in spin-

ning low numbers, or making inferior qualities, it should

be selected in this respect as like the cottons it has to be

worked with as possible.

In laying down or mixing, the cotton should be taken

from the bales and shaken loose upon the floor, covering

an area suitable to the intended size of the mixing. When
a layer of the first description of cotton has been put

down in this manner, another from the second kind should

be laid upon it, if the quantities of the sorts are equal,

taking care that they are of the same thickness ; after

this the third sort should be spread upon the top of the

second, and so on until a layer of each lot has been laid,

when the same course should be repeated until all the

cotton has been laid down that it is intended should be

included in the mixing. Sometimes, where only one or

two varieties of cotton are in use, it is taken straight from
the bale and passed through the willow without any pre-

liminary mixing ; but, from what has been already stated

regarding the nature of the fibre and the varying con-

ditions attendant upon its growth, this will be seen to be

exceedingly unadvisable.

Mixing is now occasionally performed by a machine in

the Oldham district, and with satisfactory results.

The magnitude and quality of the mixing having been

satisfactorily settled, the bales are taken from the classified

stock in proper quantities, the coverings removed, and the

cotton passed through the apertures in the floor to the men
in the room below, where it is spread over an area propor-

tionate to the size of the intended mixing. Sometimes
a space is railed ofi* from the remainder of the room, and
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divided into compartments, each of which is capable of

holding one mixing. The doors of those compartments
containing mixings not being used, are kept locked. By
this means they are prevented from being improperly used.

Each bale will form a layer, and the different qualities

included in the mixing will be superimposed in a regular

order, so as to secure the most perfect blending of the mass
in succeeding stages.

When the mixing is completed, it is generally tested

by taking a vertical section of the blend sufficiently large

to put through the different machines, in order to get the

result in yarn, which is carefully examined and compared
with that which is then being made ; or, better still, with
a standard sample of the class and quality it is desired to

maintain. The latter is the best plan, as in the former it

is possible to get far away from the desired quality by the

accumulation of small differences, imperceptible in them-
selves, but which are capable of changing the character

of the yarn when repeated a number of times. When thus

tested by this standard, should the new yarn be found
deficient in strength, cleanliness, or colour, a sufficient

quantity of the cotton possessing the requisite qualities to

bring it right is added to the mixing. In many establish-

ments, especially where high class qualities of yarn are

made, and it is imperative that its reputation should not

be lowered, a second, and even a third, testing will take

place before the result may be accepted as perfectly satis-

factory. Skill, experience, and care, however, often avail

to produce the required resnlt, even without any pre-

liminary test ; but this is where few changes are made in

either the standard of cotton purchased or the counts of

yarn spun. Economical considerations, however, in these

days of keen competition and low profits, often render it

necessary to change the component parts or relative quan-
tities of the mixing ; and, in these cases, the application of

the test ought not to be neglected. Where low qualities

of yarn are spun, and waste is freely used, tests are seldom
Q
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considered necessary ; though, if the desire exists, or

economical advantages would result from the production

of a yarn uniform in quality, the plan of testing ought to

be adopted.

The mixing having been found right in all the points

psseniial to quality, it is ready for use. It will be obvious

that were the supply required to feed the opener taken

from the top of the blend, all the purpose of the mixing

process would be defeated. To avoid this, the required

quantity is carefully and evenly drawn down from the sides

of the pile by a short-pronged rake, which secures a further

intermixture of the mass.

The component parts of the mixing will necessarily differ

according to the quality of yarn sought to be produced.

Experience is chiefly relied upon for the result; and most
spinners of average skill are able to prescribe mixings with

great accuracy that shall answer the problem before them.

Still there is nothing like uniformity amongst them in

this respect, many affecting to keep the particulars secret.

The details given in a previous chapter show, in a general

manner, the adaptability of certain cottons for spinning

different numbers of yarn, and their suitability for admix-
ture with each other.

Some spinners prefer to mix their cottons in the lap,

especially when several varieties are used, and in equal

quantities, or other proportions, such as will easily com-
bine in the lap machine. In this plan it is usual to mix
each kind alone, as already described, and laps are made
from each mixing. Thus one lap each from three different

kinds of cotton may be placed in a single scutcher, and by
it united into one ; or two and one ; two and two, or any

other desired proportions.

WiLLOWING OR Opening.—This is the first of the prepa-

ratory processes. The name *' wil lowing " is derived from

the treatment of cotton in the early days of manufacturing,

when, in order to cleanse the cotton, it was spread upon

an oblong frame, having a fine net of wire or other material



MANIPULATION OF THE MATERIAL. 83

upon the bottom, on which the cotton was spread, when the
mass was beaten loose and the dast driven out through
the netting, by means of wands composed of twigs of
willow or osier : hence the name. The latter was retained

to describe the process when the means employed had
altogether changed, and it has also been transferred to

a particular machine now chiefly employed in the Oldham
district. Willowing, therefore, implies at the present time
the opening and cleansing of the raw material by me-
chanical appliances or otherwise. Of course the latter

hardly exists, except in semi-civilized countries, where the
primitive system of manufacturing still survives.

In England and other countries to which the English
system of manufacturing has extended, willowing and
opening is performed by several different machines, the
principle of which, however, is in all cases the same.
These differ only slightly in their arrangements, as all

C(mtain a cylinder denominated the beater, and which is

arranged either horizontally or vertically, and either

parallel with or diagonally to the direction of the passage
of the raw material.

A brief explanation of these will best explain their con-

struction, mode of operation, and their respective merits as

openers and cleaners.

The common or Oldham willow is shown in the follow-

ing Figs. 23 and 24, in section and plan. It consists of a

cylinder, c, about forty inches diameter, and forty inches

wide across the fnce. This, mounted on a shaft furnished

with driving pulleys, rests in bearings in the framework.
Fitted on, and extending across its periphery, are several

rows of strong teeth or blunt spikes. A semi-circular

casing, internally furnished with rows of spikes similar to

the above, covers the upper part of this cylinder. The
lower portion is enclosed with a wire grid, constructed in

two parts, and hinged together. The back portion of this

grid is fixed to the frame, whilst the front or movable
part is hinged to the fixed part and is balanced by weights
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suspended by cords or straps which pass over pulleys

at each side, and which are attached to the end of the

grid. It is thus free to move up and down in an opening

in the front of the machine. An exhaust fan, /, is placed

behind the fixed part of the grid.

The operation is as follows :—The grid is let down, and

a quantity of cotton is placed upon it. It is then raised,

Pig. 23. Oldham Willow 5 side elevation.

,1 i.ri
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seconds, the grid is let down, and the cotton discharged

;

the process is then repeated with fresh material. This is

the simplest form of the willow as it exists in use in these

districts.

The willow, however, of late years has undergone great

improvements. It is sometimes made with an automatic

motion to let down the grid when the cotton has been in

the machine for the proper length of time, and which can

be varied according to requirement. At other times it is

made continuous, as shown in the illustrations (Figs. 23,

24), by placing a feed cloth, a, in front, and a lattice

creeper, e, at the back, to carry away the cleansed cotton,

which is then ready for delivery to the scutcher.

A second and favourite machine in the trade is the well-

known Crightou Opener. This is a modification of the

cone willow. The accompanying illustrations (Figs. 25

and 26) show the structure in section and plan. As will

be seen, in the interior of the framework there is fitted a

conical grid, with its apex or small end downwards, and
resting on a cross rail at a short distance from the bottom.

On the top of the frame is fitted a tripod, which forms a

bearing for a vertical shaft carrying driving pulleys, and
descending through the centre of the grid to a footstep in

the cross rail. Mounted on this shaft are a number of

discs, &, the smallest at the bottom, and increasing in size

towards the top. Fixed on these are a series of steel

blades, whose function is the same as that of the spikes on
the cylinder and casing of the willow, to beat the cotton

against the vertical grid. At the top of the grid is an

orifice conducting to the dust cages. The space, c, between

the casing and the grid forms a cavity for the reception of

any foreign matter contained in the cotton. The machine
is fed by means of the tube, a, which maybe introduced on
any side away from the attachment. The latter includes

the dust cages, four, /, lattice creeper, d, and below the

dust cages a pair of small delivery rollers, and an exhaust

fan. The cages are hollow cylindrical wire frames, with.
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the wires set sufficiently close to prevent the entrance of

the fibres of cotton, but wide enough to permit the dust to

be drawn away by the current. Only the portion of the

Fig. 25. Crighton Opener ; elevation.

Fig. 26. Ci-ighton Opener
;
plan.

cage opposite the orifice is left open, the remainder being

closed by an internal casing which follows the contour of

the cylinder.

The details of the process in this case are as follow :

—
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The cotton is fed into the tabe, a, emerging therefrom into

the lower portion of the conical grid, where it comes into

contact with the beaters, 5, which strike it against the

bars of the conical grid. This action loosens the mass of

fibre, and drives any sand, dust, or seed, and foreign sub-

stances left by the gin, if not too large, through the grid

into the dust cavity, c, and thence to the bottom, e. The
cotton remains subject to the action of the beaters, until it

is opened sufficiently to admit of its being drawn upwards
and carried away by the suction of the fan, /, through the

orifice. Following the direction of the arrow towards the

dust cage, it is taken on by the rollers, and passed to the

lattice creeper, d, which discharges it upon the floor or into

a receptacle provided.

The porcupine is another opener, whose chief difference

from the willow, as described above, lies in the possession

of two cylinders for opening purposes laid parallel to each

other, the first of which has twelve rows of teeth, and the

second four. It is fed and discharged by lattice creepers,

and exhausted by the usual appliances.

Another opener combines therewith a scutcher and lap

machine. The inventors largely avail themselves of the

pneumatic principle seen in each of the preceding ones,

and use a current of air to bring the cotton along tubes

from any moderate distance. In the annexed illustration,

Fig. 27, the feeding is represented as taking place in

the room above the machine. An endless lattice. A, on

which the cotton is evenly laid, delivers it to two pairs of

rollers, b; the second pair of which revolves more quickly

than the first. These convey it to the tube where it

comes within the influence of the air current. During
its passage through this tube, sand, dust, dirt, small

stones, and all heavy or dangerous substances acciden-

tally present with the cotton, are dropped upon the bot-

tom of the tube. In order to secure the abstraction of

these, the inventors devised and patented a grated trunk.

Immediately between the feed table and the opener, several
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lengths of these grated tubes, c, are inserted. Seen in sec-

tions thej are shaped thus Q. Inside these, at short

^

\ V

distances apart, plates of sheet iron are placed athwart

and slightly inclined against the direction of the air cnr-
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rent, and reaching about half way to the crown of the tube.

The spaces between these plates form cells fur the recep-

tion of extraneous matter, which, dropping out of the

cotton, is retained in them. It is removed daily through

the bottom of the tube, which is hinged for the purpose,

and opens downwards. These cells prove very efficient

dirt extractors, as is shown by the quantity of dust that

is taken out of those in the front, and its gradual

diminution towards the last, and by the small amount of

foreign matter afterwards thrown off in the opener and

scutcher.

The opener consists of a horizontal shaft, a, carrying a

series of accurately balanced arms, d, arranged radially

on the shaft at several inches apart. These arms are of

cast-iron with steel blades bolted firmly to their extremities.

The length of these arms is at the small end nearest the

tube about eighteen inches. It increases gradually as the

opposite end of the shaft is approached, terminating with

a length of 28 inches. When revolving, the arms describe

the figure ofa cone. A conical grid, e, surrounds the beaters,

which is constructed by thejunction of two rings of unequal

diameter connected by means of straight steel bars. This

grid can be moved endwise upon the shaft by means of the

wheel beneath the tube at the left extremity of the figure.

The bars are fixed at the delivery end, but are capable of

adjustment at the feed end in order to increase or diminish

the distance from the beater, according to the length of

staple or quality of cotton to be treated. On another

shaft, at the delivery end of the beater, is a powerful

disc fan, whose specific functions are to draw the cotton

from the extremity of the feed-pipe, through the beater,

to the dust-cages / /
' ; after passage through which

the cotton is received by two small rollers that deliver

it to the beater, g, of the scutcher, where it under-

goes further opening and cleansing by a process re-

sembling that received in the willow. It is then formed

into a sheet upon the cages, li h\ compressed between
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the rollers, i, and coiled into a lap in the lap-forming
attachment, H.

There are several other makes of cotton openers, but
almost all of them may be referred to the above in prin-
ciple, and differing only in some minor detail. In one
which stands in some favour in the United States, the
inventor, an Englishman long settled there, has endea-
voured to accomplish by mechanical means the exact re-
sults achieved by the primitive method of whipping the
cotton with willow wands.

The question now arises which is the best of these
methods of cleansing and opening the raw material? It
will be well for a moment to revert to the requirements
of the case. Cotton, as has already been made clear,
besides being matted together owing to its severe com-
pre-sion for transit purposes, contains impurities of several
kinds, such as sand, dust, broken leaf, seed shells, and
short and immature fibre. It must not be omitted to recall
the convolute form of the fibre, nor to remark that there is

a soluble gum, which has received the name of cotton-wax,
coating the fibre

; the latter is present to the extent of
from one-third to one-half per cent.. The purposes of this
process are to disentangle and separate the fibres from
each other, or to render them so loose as to readily take
up any new position in relation to each other that may
be required in subsequent operations; and to remove,
without injury to the fibre, as much as possible of the
earthy impurities present, and also those of vegetable
origin. The former being of much greater specific gravity,
when permitted, easily fall away from the cotton ; but the
latter, being more nearly like the fibre, are separated with
difficulty, and only a small quantity can be taken out in
the opening process.

The accidental, or, as may be feared, too often fraudulent,
adulteration of cotton by means of sand has become one of
the most serious evils in connection with the trade. The
presence of sharp, angular particles of flint and other



MANIPULATION OF THE MATERIAL* 01

matters of which sand is composed, entails not only the

loss of so much weight to the buyer, but it is the cause of

serious injury to the stnple. It will be obvious that the

compression to which cotton is subject in the baling process

must, when sand is present, break and lacerate the fibre

by forcing the particles into or through them, thus injuring

the quality to an extent that has rarely been suspected.

Particles also are forced into the substance of the fibre, or

caused to adhere to the cotton -wax in such a manner that

the opening machine cannot clear it out, the effect being

that it is carried along through subsequent stages, to the

great detriment of the rollers of the drawing, slubbing,

intermediate and roving frames, which have their polished

surfaces scratched and roughened, and the leather cover-

ings of the front ones cut and damaged by its presence.

These defects increase the quantity of waste and deteriorate

the quality of the product. These facts ought to be

strongly pressed upon the attention of cotton-growers and

those who have the handling of the raw material before it

reaches the spinner. The removal of sand proves some-

times so difficult that it has been found to have passed

through all the preliminary stages and been discovered em-

bodied in the yarn.

When the convolute form of the fibre is considered, and

its preservation acknowledged to be essential to the pro-

duction of the best quality of yarn, it will be obvious that

all treatment in the opening process beyond that necessary

for the disentanglement of the fibrous mass and the sepa-

ration of the earthy particles must be excessive and inju-

rious to its peculiar structure. It ought, therefore, where-

ever practicable, to be carefully avoided.

The willow, even in its best form, is not quite adapted

to secure this end. It contains no provision for with-

drawing the material at the exact moment when the open-

ing and cleansing has been completed. The result must
depend upon the skill, care, and judgment of the attendant,

and as these are variable factors, liable to still greater
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variation in their exercise, the most perfect work cannot

be guaranteed. No arbitrary rule will meet the exigencies

of the case, and the best judgment will, from necessity,

often be at fault. The material will be either deficiently

or excessively treated in nearly all cases ; the correct mean
being seldom attainable. In the former it will come out

partially matted or clogged; in the latter stringy, and with

its convolute form iujured.

The only way by which these evils can be perfectly

obviated is to remove the process from dependence upon
the skill, too often absent ; the care, too often remittent

instead ofcontinuous ; and thejudgment, generally fallible,

of the attendant. This can only be done by making the

process automatic. The feeding should be uniform and
regular, and no stuffing be allowed. Of the openers now
in the market, perhaps the most perfectly automatic, and

one which meets these requirements most fully is that pre-

viously described (Figs. 25 and 26), which has met with

such extensive approval in the trade, and in which the

beater is arranged vertically. In this machine the cotton

is fed to the bottom of the beater, rising higher and higher

as it gets disentangled and becomes loose, until at the

moment when the work is completed, it passes away from

the range of its action on the current of air developed by
the fan, which places it upon the periphery of the cage,

whence it is received and delivered by a pair of rollers to

the lattice creeper, and thence discharged. There is

another merit in the vertical arrangement of the beater of

the opener, which is this : its strokes being delivered in a

horizontal direction are efficient in clearing the cotton from

foreign substances, as in no case does this matter return

into the cotton, as occurs when the beater is arranged hori-

zontally, and delivers its stroke vertically. In the latter

case, it may return several times before it is cast beyond
the range of the beater blades. This, it is obvious, is a

disadvantage. The provision of a pneumatic feeding tube,

as seen in one instance, is an important improvement, for
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two reasons. The first is, that without anj violence the

grosser and heavier impurities are removed without injury

to the staple, and deposited in the dirt cells of the tube,

which preliminary treatment obviates the necessity of sub-

jecting it very long to the action of the beater. The second

reason is, that when, as is far too often the case, espe-

cially with American cotton, the material is damp and
correspondingly heavy, subjection to the beater has a ten-

dency to injure the staple, as from its increased weight and
the force with which it is driven the convolute form of

the fibre will be often impaired, if not destroyed. By the

introduction of the pneumatic tube, and the passage of the

cotton through it, all excess of moisture is removed by the

absorbent power of the air. The material is thus sent for-

ward to the beater partially cleansed, dried, and in the best

state for the operation to which it has to be submitted,

which is thus performed in less time and with a minimum
of injury.

. Scutching.—The next process, which is scutching, has a

twofold purpose. The first being to further cleanse and
open the cotton ; the second to make a lap. The latter is a

continuous sheet of cotton about forty inches wide, which is

formed into a roll of convenient length to suit the machi-

nery in the next process. In the lap the fibres lie in all

directions across each other, no attempt having been made
to arrange them in parallel order. If the raw material has

not in the previous stage passed through an opener with
a lap-forming attachment, it arrives at the scutcher in

balk, and but imperfectly cleansed and opened.

Nearly all openers, however, are now fitted with lap-

forming attachments, because these facilitate the even
feeding of the scutcher or finisher lap machine, and, in ad-

dition, dispense with labour. For some of the lower

counts the laps thus formed are taken straight to the

cards, but this is not often the case, nor is it desirable

unless in rough coarse yarns.

The object sought as the outcome of the processes of
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this division, is to transform tlie fibres of the raw material

into a continuous cylindrical thread ; throughout its length

as equal as possible in its diameter ; otherwise expressed,

perfectly round, clean and even in its dimensions and
strength. This cannot be secured unless sought from the

commencement. If the opener is fitted with lap attach-

ments, the end must be kept in view from that position ; in

all cases it must commence not later than with the scutcher.

The chief point to be regarded is the method of feeding the

cotton to the machine, as upon this depends a satisfactory

result. There are two plans extensively in use ; the one

being hand-feeding, and the other mechanical. Most per-

sons regard the latter as the best plan, as it has been

devised and invented to overcome the difficulties which

a lengthened experience has shown to be inherent in the

manual method. Where the latter is still in use, the cotton

must be carefully weighed and evenly spread over a mea-

sured space of the travelling apron, or "creeper," as it is

sometimes called. Unless this is regularly and conscien-

tiously performed, the result will not please. It is im-

portant, therefore, that a thoroughly trustworthy person

be secured, and placed in charge of this duty. The qualities

required in a lap are an even thickness and width through-

out, so that when delivered to the succeeding stage of

carding no inequalities may be introduced into the sliver,

owing to or arising from irregularities in the amount of

cotton fed to the machine.

The scutcher is simply a repetition of the opener, but in

which the lap-forming attachment is indispensable, whilst

its parts are modiBed and arranged to do the work more

perfectly, and to complete, in most cases, what the other

has left undone. Like other machines in the cotton trade,

it has undergone many changes before arriving at its

present stage of comparative perfection. Makers now
generally agree as to what should constitute i-ts main

fea.tares, differing only on points of detail.

Amongst hand-fed machines the Crighton is a well and
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favourably known scutcher, and will serve for descrip-

tion. It possesses a lattice creeper with measured spaces

on which the cotton, afier being weighed, is evenly spread.

A pair of small fluted rollers take the cotton from the

creeper, and by their revolution pass it between therii,

when it comes within reach of the arms of a beater having

two blades. This beater is enclosed within a cylinder, a

quarter of the circumference of which, extending from the

feed rollers to the bottom, is composed of a grid. As the

beater revolves at the rate of 1,000 revolutions per minute,

and has two blades, it makes 2,000 strokes per minute
upon the cotton, being slowly delivered to it, and beats

it down with great force from the rollers against this grid,

causing broken leaf, motes, and other impurities to fall

through. Extending along the bottom of the cylinder is

a passage leading to the pair of dust cages, situated at the

back of the machine. The exhaust fans induce a strong

current of air, which carries the cotton from the beater

cylinder to the slowly revolving dust cages, on the exte-

rior of which the " lap " of cotton is deposited. The
bottom of the passage, along which the cotton has thus

been brought, consists of a lattice arranged with its sur-

face open, so that any impurities that may have passed the

first grids may be detected and removed at this point,

falling into the cavities by their greater specific gravities.

The lattice moves over three rollers arranged two above

and one below in this manner— • . The direction of its

traverse is opposite to that of the cotton, which arrange-

ment facilitates the extraction of foreign matter with a

minimum loss of fibre. The lattice discharges the con-

tents of its cavities into the receptacle for dust beneath

the grid. The loose cotton is carried by the current of air

to and evenly distributed upon the wires of the slowly re-

volving dust cages, the interstices between which are

arranged so as to prevent the passage between them of the

fibre, whilst permitting that of the fine particles of dust or

sand that may yet remain in the cotton, or may have come
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along with it on the current of air. From this part of their

function which, though important, is only a secondary one,

they obtain their name of dust cages. Their primary use

is to receive upon their circumference the cotton floating

upon the current of air induced by the exhaust fans in an

even manner ; by their revolution they join it into one sheet,

which is removed by a pair of small fluted rollers that

carry it to the compression rollers, whence it passes to the

lap roller upon which it is wound. The lap roller rests upon
two fluted rollers, by contact with which the lap roller is

caused to revolve and to wind up the cotton in a continuous

sheet until a thick roll is formed, technically called a lap.

As before remarked, regularity of feeding is of the

highest importance in obtaining a satisfactory result. Too
often, however, this task is relegated to a superannuated

operative, or careless boy or girl, who can be hired for about

ten thillings a week, whilst a trustworthy and conscien-

tious attendant ought to have charge of the duty, and
whose services would be cheaply purchased at an additional

cost of five or six shillings per week. The former plan is,

however, preferred from a mistaken notion of its greater

economy, and reliance is placed upon subsequent processes

for eliminating the irregularities and obviating the mis-

chief to which it inevitably gives rise.

To prevent any tampering with, or loss of the weights

from the scale, it is usual to make the weight end of the scale

in the form of a canister, in which the weights are enclosed

and locked. This is efficient as far as it goes, but it does

not cover carelessness in putting too much or too little

cotton into the scale. Only automatic weighing can obviate

that. This could be accomplished without much difficulty

if thought of sufficient importance. There is next, further,

uneven spreading to be guarded against, and also the pas-

sage of the last portion of the feed of cotton through the

feed rollers before another is supplied, which by inattention

may occur and cause a very thin place, or even a break in

the sheet of cotton forming the lap.
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Besides the formation of an uneven sheet, as the result

of careless or unskilful feeding, it will be found that

laps vary in their weight, some being lighter and others

heavier than what is required, without the cause being

easily ascertainable. Of late years cotton, especially

American, has been so inordinately charged with moisture,

that when passed through the opener or scutcher, the

earlier laps formed from the mixing will weigh more than

those produced afterwards when the mixing has had time

to evaporate a portion of its superfluous, and often fraudu-

lently added water. Again, assuming that the raw mate-

rial is quite dry, it so readily absorbs moisture in damp
weather that, to some extent, a part of the variations

occurring may safely be attributed to this cause, and the

converse of this will be equally true ; in hot dry weather

the atmosphere abstracts moisture from the cotton, and
the laps will weigh correspondingly less, though containing

as much fibre as before.

The method usually adopted of obviating these irregu-

larities is to weigh the laps as they come from the machine

and classify them for the finisher lap machine, in which

three, four, five, or six laps are combined as feed material

from which the last or finished laps are made. The requi-

site number of laps are taken, the united weights of which

shall average that of the new laps into which they have to

be formed. By this combination or doubling, the irregu-

larities of one lap are neutralized or minimized by those of

the others, the outcome being approximately perfect—ac-

cording to the theory ; and which is probably true, even in

fact, where the best attention is given to the feeding pro-

cess by the operative in charge. But where this is not

obtained, the result is not satisfactory.

To secure results as nearly as possible perfect, attempts

have been made to dispense with the human factor in the

problem, and make feeding as nearly as possible automatic.

The lap-forming attachment has been added to the difi'erenfc

forms of the opener, sometimes called the first scutcher.

H
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In feeding the opener it is necessary that the cotton should

be evenly spread upon the feed apron, in order not to

gorge the machine ; but it is onlj seldom that it is deemed
necessary to weigh the cotton and measure off the apron

iuto yard spaces, as in the second scutcher. Where the

best result, however, is desired, it is certain that this course

would contribute to that end. The laps thus obtained from

the opener, weighed, classified,and averaged for the scntcher,

would yield a sheet far more level and free from defects as

feeding laps than could easily, or possibly at all, be ob-

tained from the hand-feeding described above. As such

the laps obtained from the second scutcher would be as

good in almost every respect as those hitherto obtained

from the finisher lap machine, whilst the last mentioned

being fed with almost perfect laps, would yield one much
superior to anything usually obtained.

There is another method of precluding the defects of

careless feeding and insufiiciently opened or matted cotton.

This is known as the lever or piano feed arrangement, so

named from its being in principle similar to, and in its

parts distantly like the arrangement of the keys of a

pianoforte. The following Fig. 28 and brief description

will clearly illustrate its principle.

Instead of the usual pair of feed-rollers for delivering

the cotton to the beater, a, the bottom one is substituted

by a series of bent levers, c, extending across the frame,

and arranged as in the various positions in the diagrams

A, B, c, in Fig. 28. The short ends of these levers are

made difierent in form according to requirement, which
is dependent upon the class of cotton, whether long or

short staple, to be worked. The extremity of the long

arm, e, of the lever terminates in a hook, by means of

which it is attached to the rod,/. These rods are arranged

vertically, and at the bottom end increase in thickness and

pass between tw^o horizontal bars, which are parallel to

each other. Between the horizontal bars, and in the inter-

stices between the rods, /, small bowls are introduced,
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shown by the dotted circles, i, in the diagram c. The
rod, /, on the right of this diagram, has a projection cast

Bi

p<^

s
35::

^̂
^

I

to

upon it, which forms with the other portion a slot for

the reception of a connecting-rod attached to the levers.
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the second of which is connected with the strap lever, p^

seen between the cone drums in Fig. 29. The strap

levers, ^p', are geared together bj means of sector wheels
;

whilst q and r in the same Fig. are cone drums, and s is the

strap by which motion is transmitted from one to the other.

The action of the different parts is as follows :—When
the cotton is matted, or unevenly spread upon the lattice,

causing a thick portion to go beneath the roller, h, the

short end of the lever, c, is pressed down, which raises the

long arm, e, pulling up the rod, /, the thick end of which

coming up between the bowls, i, presses the rods in the

only direction in which they can move, towards the slotted

rod at the end, which through the connecting rod and

levers described, moves the strap, s, upon the drums, qand
r, and regulates the speed according to requirement

—

diminishing it when the layer is thick or matted, and in-

creasing it when thin. The cone drum, r, actuates the

feed-roller through the worm on its shaft. For obviating

irregularity in feeding, whether arising from the atten-

dant's carelessness, want of skill, or other causes, this

arrangement has proved of considerable efficiency, and has

met with a corresponding degree of favour from the trade.

It can be attached to both the first and second scutcher,

and can be easily adapted to the different makes of lap

machines, so that if preference be given to one make over

another on account of general excellence or specialities of

detail, such preference can be gratified, whilst the advan-

tages of this system of feeding is obtained.

The cotton having passed the opener and the first

scutcher, now arrives at the second, otherwise called the

finisher lap machine. The function of this machine is

primarily to complete the cleansing process, so far as free-

ing the cotton from sand, dust, and the heavier forms of

extraneous vegetable matter is concerned; and, secondly,

to make the lap as even in the sheet as it is possible to

procure from present appliances. The extent to which
this is possible has already been indicated.
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A finislier lap ma-
chine, vvitli the

eveiier or lever feed-

attachment, is illus-

trated in Fig. 29.

The creel holds from

four to six laps, u,

which by means of

the lattice apron, x,

which revolves upon
the rollers at each

extremity of the

creel, deliver a three,

four, or six-fold sheet

ofcotton to the roller,

h, and the series of

levers which con-

jointly form the feed-

ing arrangement just

described. This in

turn delivers the

sheet to the beater,

a, at a slow and uni-

form rate. The bot-

tom of the beater-

case, A, contains a

grid, d, whilst a lon-

gitudinal grid, cV, ex-

tends to the dust

cages, V v\ At c

the casing is usually

glazed, or a door-

way formed, in order

to permit inspection

of the interior. The former is far the best, as doorways

cannot be made air-tight, and all defects of this kind

interfere with the action of the exhaust draught, causing
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it to deposit the cotton upon the cages in an unequal

manner, so producing an uneven lap. As the cages

revolve together, the cotton gathered upon their respec-

tive surfaces is formed into one sheet, and delivered to

the compression rollers, w, passing which it is wound
upon the lap-roller in the front or headstock, d, of the

machine, and formed into, ?/, a lap. When the lap is

completed, the machine is autoraaticallj stopped, the lap

removed, the roller withdrawn and replaced in the machine

to wind on another lap.

Well-made laps should be even in the sheet, level at the

edges, uniform in length, and equal in weight. Any
divergence from these points must be considered as defects

likely to injuriously affect the final result. Every care

should therefore be taken to see that this end is attained

and carefully preserved.

Besides the points referred to as causing unequal laps,

there are several in connection with the machines. The
finisher machine, according to the received theory, makes
a uniformly level lap from a number which are in that

respect imperfect; the prevalent idea being that the in-

equalities of one correct those of another, though the

chances are not few that a series of thick places in the

different laps may fall together, and thus instead of correct-

ing may intensify the fault ; and similarly of the thin

places. The majority of the chances, however, are con-

siderably against this result. There is also the pneumatic

factor in the problem to consider, the perfect action of

which has much to do with obtaining satisfactory results.

Should the fans be driven too slowly, the draught is in-

sufficient to caiTy the cotton expeditiously to the cages,

and the result is that some portion may be carried out

amongst the dust and refuse which it is desired to remove.

On the contrary, when run too swiftly, the current in-

duced may bring with the cotton the lighter portion of the

leaf, vegetable matter, and dust that ought to be taken

out at this stage. When the proper speed is attained,



MANIPULATION OF THE MATERIAL. 103

neither of these results can occur, the cotton after passing

the beater being drawn rapidly to the dust cages, upon the

exterior of which it is accumulated, until the layer be-

comes impervious, and the draught ceases to operate at

that point ; the cotton is then diverted to the uncovered

portions of the surface, where it is still exerting its in-

fluence. It will be obvious from this that an even de-

livery of the cotton from the feed rollers will aid, but

will not necessarily secure, the formation of an even

lap, as this will quite as much depend upon the uni-

form strength of the current over the exposed surfaces

of the cages. Should this vary appreciably in any por-

tion from imperfections in the casing, or obstructions to

its course in the interior, it will cause an uneven deposit

upon the cages, and consequently an uneven lap. It is

very important that these defects should not occur in

connection with the finisher lap machine, as the pneumatic
principle being dispensed with after that stage, a remedy
for such faults is not easy to obtain in the subsequent

processes, these only minimizing, but never perfectly re-

moving the errors or defects of the preceding stages of the

preparation.

A perfectly even lap is so desirable, and as yet is

so far from being secured, that it might be useful to

ascertain whether a nearer approximation could not be

obtained by other means. With this consideration in

view, attention may be drawn to an American inven-

tion connected with the woollen trade, which automati-

cally takes up the wool, weighs, and uniformly feeds

the scribbler—the machine in the woollen trade which
corresponds to the lap machine in the cotton trade—in

a perfect manner. That this has gained the highest ap-

proval of the trade is shown by its extensive adoption in

America, and the favour with which it has been received

in this country. It is known as the Bramwell automatic

feed machine. In it the wool is put into a large box or

case having a grating at the bottom for the exit of refuse,
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and an elevating toothed apron in the rear covered with

teeth of a peculiar construction. These raise the material

out of the case until it is brought near the top, where
it comes under the action of an oscillating comb, which
lias a slow but long sweep in front of the apron. This

comb is armed with teeth, and operates in such a manner
that the surplus wool is combed off the apron, and the

rest left evenly distributed amongst the teeth of the

latter. On the other side of the toothed apron there is

another and a shorter one, having a more rapid movement.
This is provided with flexible strips of leather, which

sweep off the wool from the teeth of the first apron, and
convey it in connection with a hollow or concave shell or

dish into a weighing scale. This scale is formed of two
curved wings, held together by suitable weights, and the

whole suspended on steel knife edges and balanced with

movable weights, which can be fixed to weigh any amount
desired. When the scale has received the required quan-

tity, it liberates a small trigger, which causes a projection

to catch on one of the teeth of a revolving disc connected

with an automatic clutch, which disengages the driving-

belt operating the toothed apron, thus instantly stopping

further delivery of material to the scale, which now re-

mains at rest. When the proper time arrives the wings of

the scale are opened, and the wool is deposited upon the

feed lattice in a perfectly opened state, and in excellent

condition for the cards. The scale is now closed, and re-

turned for more wool ; at the same moment the toothed

apron is set going, and the delivery is carried on as before.

While the scale is being refilled, the wool just discharged

is carried along on the feed lattice to a fixed distance,

leaving a clear open place for the next weighing to be de-

posited upon. The machine only occupies the same space

as an ordinary feed-table, and while doing its work with

regularity and perfection, dispenses with a great amount
of hired labour.

There is nothing in this arrangement but what, with
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proper modification, could be easily adapted to the cotton

opener having a lap attachment, or to the first scutcher,

and with manifest advantage to economy. We throw out

the suggestion for what it is worth, and for the benefit of

the trade, or those who may conclude it worth practical

investigation. It might probably result in getting com-
pletely rid of a considerable difficulty, and even relieve

the cotton of one process of scutching, in all of which it

is severely treated.

When the laps have come from the finisher lap machine
care should be taken that they are not damaged before

being sent to the card. Much difficulty is often experienced

in this respect. When the lap is completed, it is lifted

from the machine, laid aside, and the roller withdrawn
and replaced in the frame to wind on another lap.

The soft mass of cotton forming the lap speedily closes

up the space left by the withdrawal of the roller ; and
ordinarily when the lap has to be skewered again for

the cards difficulty is experienced, time is lost, and con-

siderable waste is made before it can be accomplished.

To obviate these results Mr. H. H. Clayton, of Hyde,
has invented and patented a simple expedient, which is

thoroughly successful. In place of a solid lap-roller, he
substitutes a tube roller, in which he inserts a long
pin having a flat head of greater diameter than the

roller. When the latter is withdrawn the pin is left in

the cavity, retained by the head, thus preserving the bore,

maintaining the form, and facilitating the handling of the

lap, whilst time and labour are economized, and all waste
i'rom the stabbing of the lap prevented.

Remarks.—At this point it may be useful to offer a few
general remarks upon points which do not readily lend

themselves to classification. In these the machinery de-

mands the first attention. In willows, openers, lap, and
finisher machines there are numerous makes, each having
claimed for it some special excellence not possessed by
its competitors. Into the details of the construction of
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these we cannot enter except when thej serve to illustrate

£ome principle. When the latter is the case, and a machine

is more fully noticed on that account, the reader is warned
against drawing the conclusion that any special approval

beyond what may be expressed is given to that particular

make. Spinners in the different sections of the trade

have their preferences for one design of machine over

another, which preference may have a solid foundation or

not according to the careful observation and skill of the

person expressing it, or the uses to which he may put

it. Some machines are better for one class of work
than another, whilst few excel for all sorts. The quali-

ties that ought to be looked for and demanded in all

this class of the preparatory machinery is strength and

simplicity in the working parts, each of which should be

easily accessible for re-arrangement or repair. The blades

of the beater should be so adjusted that they shall strike

the cotton from the delivery rollers without breaking or

otherwise damaging the fibre. The grids under the beater

should have their first four bars placed about three-quar-

ters of an inch apart, and the remainder half an inch. The
beater of a machine working cotton from which it is in-

tended to spin numbers between 12' to 50* or 60^ should

makefrom 1,100 to l,500revolutionsper minute, the highest

number being for the lowest counts. From 50* upwards

the speed may be from 800 to 1,100 or 1,200 revolutions.

The different machines should be evenly balanced in

their various parts, all of which should be kept thoroughly

clean and well lubricated in the bearings with good unin-

flammable oil, not subject to becoming viscid or gummy.
All dirt should be removed from under each machine every

day, and the grids and cage wires ought to be kept perfectly

clean, free, and open. The dirt flues and air passages

should be cleaned at least once a week, or oftener when
low dirty cottons are being used ; the same remark also

applies to the dirt chamber, which must be emptied at the

same time.
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The opening and scutching machinery of every mill ought
to be of such proportions that every week it can be stopped,

say at breakfast-time on a Saturday morning, so that the

remainder of the working day, until one o'clock p.m. can

be devoted to a thorough cleaning. Machinery of all kinds

properly cleaned and lubricated requires less power to

drive, yields a better product, and lasts much longer than

that which is neglected iu these respects.
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CHAPTER V.

Caeding and Combing.

Carding : its necessity ; its importance and purposes.—Development
of the modern card, from Paul, Hargreaves, and Aikwright's improve-

ments.—Description of the roller card.—Summarized statement of its

functions ; how accomplished.—The process examined in its progress.

—

Methods of altering the work.—Extensive use of the roller card.
—

'I'he

self-stripping flat or Wellman card ; causes of its invention ; improve-

ment in this country.—Di)bson and Barlow's Wellman cai'd.—The re-

volving flat card ; recent improvements.—Combination and other cards.

—Card clothing; for licker-in, main cylinder, rollers, clearers, and
doffcr.—Location of cards; adjustment; setting of rollers and clearers.

—Double cards.—The Derby doubler.—Breaker and finisher cards.

—

Light carding.— Grinding ; by hand ; by machine.—Points of card

teeth : needle point, diamond point, chisel point, and hooked point; how
to attain the good points and how to avoid the bad ones.—Differing

estimates of the qualities of roller, flat, and revolving flat cards.— Cotton
injured by overworking.—Severe treatment in the roller card.—Combing;
indispensable for fine counts.—Invention of the combing machine ; de-

S( ription
;
process of combing.—Improvement of the machine in Eng-

land ; Dobson and Barlow's improvements.—Imb's combing machine
fur short staple cottons ; description.

IN dealing with the raw material, it will be remembered

that it was shown that along with the perfect fibre

growing from each seed, there was also a considerable pro-

portion of imperfectly developed fibre which in the process

of ginning is detached from the seed and mingles with the

mature and perfect portion. Also from causes which need

not be inquired into in this place, imperfectly developed,

deceased, or insect-damaged seeds are found occurring in

the pods. The fibre upon these will have been arrested in

its growth, and, like the preceding, be deficient in length,

substance, and strength. Instead of being white, cylin-

drical, and possessing the characteristic twist of the mature
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fibre, it will be transparent, flat, and ribbon -like ; often

short and quite destitute of strength as compared with

the well-grown fibre. The coarse impurities, such as

foreign matter, vegetable substances, and seed, that have

passed the gin, it has been f-cen, are mostly removed in

the stages just described. These, however, have had but

little effect upon the class of impurities now requiring no-

tice, and which it is equally imperative to abstract in

order to make good, strong, and even yarn. This is effected

by the operation of carding.

Carding is probably the most important process in cotton

manufacturing. It is the final stage of cleansing, wherein

the minutest impurities foreign to the material, and all

immature fibre, leaf, and broken seed, ought to be removed.

To secure the cleanest yarn, however, requires the selec-

tion of cotton as free as possible from immature seed that

h'ls passed the gin, and which neither the opening nor

scutching process completely abstracts, and which passing

into the card gets broken up, when it becomes almost im-

possible to remove. The particles of these seeds are

carried through the succeeding operations without being

particularly conspicuous until the spinning process is

reached, when iu the twining the centrifugal force throws

a portion of them off, whilst the remainder is retained on
the surface of the yarn held by the short fibres upon them
which having been spun into the thread. Sometimes in

careless or defective ginning, when the gin blades rub
against the grate bars, cotton is seriously injured by
becoming " nepped " : that is, the fibres are caught and
rolled into little balls like grains of sand in magnitude,

and which form a great defect in yarns when present in

any quantity. Broken seeds and nepped fibres are difficult

of removal in any stage of man"facture. In respect of

these there is still room for the ingenuity of inventors to

effect improvements. In other points, a well-constructed

card is a fairly efficient machine.

The second function of the card, and the one which
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ranks first in importance, is that of arranging the fibres of

cotton in approximately parallel order. This is the first

step in the construction of the thread. Up to this point

every process has simply been preparatory, the fibres com-

posing the lap, the product of the last process, lying across

each other in a confused mass. But in carding, the sheet

of cotton composing the lap is reduced to a thin cloud-like

film or sheet of fibres arranged in almost perfect parallel

order. This, as it leaves the doffer cylinder of the card,

is drawn together, passed through a cone tube, thence

between two pressure rollers, and by means of an ingenious

mechanical arrangement it is received and automatically

coiled in a can, in the form of a round, soft, untwisted

strand of cotton technically called a sliver. It should be

observed here that the coiler imparts to the sliver a very

small amount of twist, but not so much as to appreciably

affect the correctness of the preceding remark.

The modern card, like most other machines, is the out-

come of the ingenuity of successive inventors. Its origin

must be sought in the remotest times, and in the infancy

of the textile industries. Probably its earliest known pro-

genitor is the hand-card of the wool-comber, or the heckle

of the flax-dresser, both of these probably suggested by the

displayed fingers of the human hand. The growing de-

mand for cotton goods in the early part of the last century

induced several persons to attempt the invention of a more
expeditious system, but little success for a time attended

their efforts. Amongst these may be mentioned Lewis

Paul of Birmingham, whose name is of some note as one

of the early conjurors, as the first inventors and improvers

of cotton machinery were in those days called. One of the

most notable names in connection with the first successes

in improvements in carding was that of James Hargreaves

of Blackburn, the inventor of the spinning jenny. He in-

troduced the stock cards used in the woollen trade into

the cotton trade, and improved and adapted them to the

manufacture of cotton. The changes he made consisted in
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suspending one of the cards, by means of a cord passing

over a pulley, from the ceiling of the room in which the

carding process was carried on. This card he balanced by
a weight at the other end of the cord, whilst its fellow he

fixed upon the stock. By this alteration each stock was
made to hold two or three cards, and each carder was
enabled to card a greatly increased quantity of cotton.

Soon after accomplishing this improvement, or about 1762,

Hargreaves was employed by Robert Peel, the founder of

the family which afterwards gave the eminent statesman

of that name to the country, who resided in close proximity

to the inventor at Oswaldtwistle, to make for him a cylin-

drical carding machine ; which he succeeded in doing in a

short time. This machine in its structure appears to have
been the true parent of the modern card. In its first form
it had no doff'er arrangement, the carded cotton having to

be taken ofi* the cylinder by the hand-card, women being

employed to perform the work. The inventor afterwards

added a doffer, but it was not a success, consisting merely
of a roller carrying a series of tin plates, which being

made to revolve, scraped the cotton from the cylinder, and
of course injured both the cotton and the cards. Though
for a long time lost sight of, this idea has subsequently

been rendered a practical success, as may be seen in the

revolving doffer, now frequently preferred to the doff'er

comb. The invention of the latter is attributed to Ark-
wright. In place of Hargreaves' tin plates and roller, he
substituted a thin blade of iron extending across the faco

of the cylinder. The bottom edge of this blade was ser-

rated, and by means of a crank or eccentric a vertical

movement of short range was imparted to it by which it

was made to detach the cotton from the cylinder in a uni-

form and continuous fleece. This was the first dofier

comb. In order to preserve the continuity of the fleece

Arkwright invented filleting for card clothing in place of

the sheets which up to then had been in use. The fleece

was then contracted by passing it through a tube, after
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which it was delivered into a can. From this time improve-

ments succeeded one another at greater or less intervals,

but the limits of space will not permit of these being traced

to the present time. The sum of them, however, is the

card as it is known to-day, and of which there are several

varieties.

The first of these which calls for notice is the roller

card. A section of this card with a portion of the side is

shown in the accompanying illustration, Fig. 30. Its chief

parts are the main cylinder, A, which at work has a surface

speed of about 1,600 feet per minute ; the licker-in, b, so

called from its taking the cotton from the feed roller, c, and

delivering it to the cylinder or swift ; the small cylinder, d,

is the doflfer, whose function it is to take the carded cotton

from the swift; E, the coiler ; F, the sliver can ; G. the lap

resting upon g', the lap roller. Arranged over the main
cylinder, and covering about half its circumference, are a

a number of small rollers, r and s. The former are carding

rollers usually called workers, and the latter strippers or

clearers. It is from these this card derives its name of

the roller card. The licker-in, cylinder, workers, clearers,

and doflfer have their surfaces covered with card cloth-

ing, the fineness of which is varied according to the class

of work to be performed.

Here we may briefly summarize the different ends sought

to be obtained by the carding process :

—

\ 1st. The removal of all impurities, either natural or

/ foreign to the cotton, which may have escaped the preceding

processes.

2nd. The extraction of all immature, short, broken or

nepped fibres, the retention of which would weaken or

otherwise depreciate the quality of the yarn.

3rd. To dii^entangle the confused mass of fibres and

place them side by side, or, in other words, in parallel order.

4th. To attenuate the heavy sheet of cotton forming the

lap into a thin film or fleece, and to contract this into a

ribbon or sliver fitted for the next process.



to
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The first object is accomplished by the rapid revolution

of the cylinder and rollers, which, striking the dried and

broken leaf, seed-husk, or broken seed, fix and retain them
in the card teeth. From this position thev are removed
either by hand or automatic stripping. Fine dust, not

having sufficient material in which to hide away as it were,

is by the centrifugal force exerted by the cylinder, thrown
out, and falls through the grid at the bottom.

The short, broken, nepped, and immature fibres being of

insufficient length to be held by the card teeth, and the

latter being of deficient specific gravity, are driven off as

" fly," and also fall through the grating to the floor.

The third and principal end sought, the arrangement of

the fibres in parallel order, is accomplished by the process

of attenuation and combing of the sheet of cotton forming

the lap by the card teeth, which it undergoes in its passage

through the card, which may now be described.

Reverting to Fig. 30; the machine having been sup-

plied with a lap, G, the end is passed under the feed roller,

C, and the machine started. The lap roller, g', slowly re-

volves, unrolling the web from the lap which, by means of

the endless lattice on which it rests, is conveyed to the feed

roller, C ; this carries it within reach of the large roller, b,

called the " licker-in," which, running at a surface speed

of about 800 feet per minute, strikes the cotton in a down-
ward direction from the feed roller, thus partially comb-
ing the fibres, and by its revolution carrying them to the

large cylinder. A, which revolves at a rate of 1,600 feet sur-

face speed per minute. Owing to this, and to the teeth in

its clothing being bent in the direction of its revolution

—

which is upward at the point of contact with the licker-in

—it strips all the cotton from the latter at the position

where their sui faces are near contact. The cylinder

carries the cotton forward to the first roller, which in most
instances is a dirt or cleansing roller, revolving at a slow

rate, say fifteen feet per minute. Its chief function is to

gather from the surface of the cylinder all the rougher and
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larger particles of dirt, motes, seed, leaf, husks, and neps

left bj the cotton which has been struck more deeply into

the cards. The dirt which is thus extracted from the cotton

is carried round by the roller and stripped from it bj the

attendant, or sometimes by a vibrating comb or stripper

arranged for that purpose. The cylinder carries the cotton

onward to the first roller, r, called a worker. E ich of these

workers has a companion roller, s, of smaller dimensions,

called a clearer. These work in pairs. Being set in oppo-

sition to the main cylinder, A, their contact surfaces move in

the same direction, but, as compared with the cylinder, at a

greatly reduced speed. The card teeth of the worker are in-

clined the reverse way to those of the main cylinder, and
owing to its slower surface speed, which is only about twenty
feet per minnte, the latter takes any cotton which is still

entangled from it. The worker then carries this cotton

over to the clearer ; this roller running at a surface speed

of about 400 feet per minute, and having its teeth inclined

in the direction of its motion, strips the worker, and re-

turns the cotton to the cylinder. A, which, owing to its

greater speed of 1,600 feet per minute, is enabled to strip

the clearer. The entangled portion thus gets a severe

carding. The teeth of the clearer, it must be remarked, are

inclined in the same direction as those of the main cylinder,

A. Thus the cotton delivered to the cylinder. A, is carried

by the latter in this manner in succession to each pair of

rollers, after passing which, and being thoroughly carded in

the process, it arrives at and is delivered to the small cylin-

der, D, called the dofier. This being set in opposition to the

main cylinder, having its teeth inclined from the direction

of its revolution, and moving at only a surface speed of sixty

to seventy feet per minute, the latter owing to its greater

speed deposits its cotton upon it. The dofi'er then carries it

round to where its surface is subjected to the action of the

doffer comb, /, fitted upon vibrating arms, which strips the

thin fleece away. The movement of the doffer comb de-

scribes a small arc of the circle that would be formed by



116 COTTON SPINNING.

the revolution of the vibrating arms upon which it is

carried. It strips the doffer cylinder in its descent, and

clears itself when ascending. It makes from 600-1,000

strokes per minute according to requirement, being

actuated bj balanced cranks. As the thin film of

cotton leaves the cylinder it passes over a guide-plate

and through a trumpet-shaped tube, in which it is con-

densed into a round untwisted cord. This, in its passage

between the compression rollers of the draw box, is flattened

into a ribbon, thence j:>asses upwards to the coiler, e, and by

an ingenious arrangement is coiled in the can, F, which

stands upon a revolving plate. The cotton thus becomes

a sliver, having its component fibres approximately

parallel.

The attenuation of the sheet of cotton and its transfor-

mation into a sliver is thus completed, and we may pause

a moment to examine the manner in which it has been

accomplished. The lap, g, is unwound at a uniform rate

by the lap roller, g', and is fed to the taker-in by the feed

roller at exactly the same rate, these rollers being actuated

from the same shaft. No difierence of speed between these

rollers can be permitted without derangement of work. If

the delivery roller, G, moved with a greater surface speed

than the feed roller, the lap sheet would accumulate in a

heap behind the latter ; were the reverse the case, the lap

would be torn.

The delivery rollers supply the lap sheet to the taker-in

at a given rate, say 1^ revolutions = 9 inches per minute, in

a specified time. The latter roller seizes this with its wire

clothing, and owing to its great circumferential velo-

city, draws or attenuates it fally 1,000 times its first

length. This will be seen from the respective dimensions

aud velocities of the rollers. The delivery of the lap sheet

taking place at the rate of 9 inches per minute, and the rate

of revolution of the licker-in giving a surface velocity of

800 feet per minute, this will be found to slightly exceed

that number. It will be obvious that this must produce
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a great effect upon the previously disordered state of the

fibres forming the lap, and that in the direction of inducing

a parallel arrangement. Still this sheet is far too heavy,

and the cards of the main cylinder, which revolves at double

the circumferential velocity of the taker-in, receive the

cotton from the latter, and double the attenuation to which

it has already been subjected. The cylinder having the

heavier impurities on its surface, has these stripped from

it by the dirt roller. The teeth of the dirt roller meeting

those of the cylinder, and having their inclination against

those of the latter, the impurities are caught and re-

moved, leaving the cotton behind embedded in the cylinder

card.

The cotton is next carried by the cylinder under the

clearer, s, the bend of the clearer teeth not allowing it to

take the cotton up, after which the insufficiently carded

portion is immediately taken by the worker, r, and from

this roller by the clearer just mentioned, by which it is

again returned to the cylinder, having received a severe

carding in its course. Thus the lap sheet is first attenuated

about 1,000 times, the cylinder doubles this, the worker

condenses it, the clearer recommences the attenuation which

the cylinder completes, the next worker again condensing

the film to the degree to which the first worker carried it,

its clearer returning it to the cylinder as before. This

process is repeated as many times as there are workers

and clearers, until the cotton which composed the 9 inches

of lap is all carded, or has its fibres laid parallel, when it

is finally taken from the cylinder by the doffer, d, in a con-

densed form, its surface velocity being only sixty or seventy

feet per minute. This will give a view of the carding or

combing to which the material is subjected.

The doffer cylinder, in turn, is stripped by the doffer

comb, i, whose action has been previously described. The
cotton when combed from this cylinder appears as a thin film,

which should be quite free from motes, broken leaf, seed and

neps. It should also be uniform in its density : that is,
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quite free from all "cloudiness." When the card is work-

ing well, and the preliminary stages have been properly-

performed, this will be the case, providing the quality of

the material is of a fair average, say for medium counts

of yarn, which is the class of material we assume to be

under consideration.

The fleece as thus doffed is conducted over a guide plate

on which it is condensed, and through a trumpet-shaped tube,

and between the calender or compression rollers, c, whence
it is carred up to the coiler and through its rollers. The
sliver between the compression rollers and the coiler is sub-

jected to a slight draught ; that is, the surface velocity of ihe

latter rollers exceed that of the former, gaining, say, about

twelve inches per minute. This is called the drawbox
draught, and it helps to perfect the parallel arrangement of

the fibres which it has been the chief object of the carding

process to attain.

The sliver now passes through the coiling disc into the

can. This disc possesses a short tube, the upper opening

into which is in the centre of the revolution of the disc,

but which is not the centre of the disc itse,lf, the tube ex-

tending therefrom in an oblique direction to a distance of

about one-fourth the diameter of the sliver can. In its

revolution it therefore describes and deposits the sliver in

a circle between the circumference and the centre of the

sliver can. The can being placed in a revolving dish, is

carried round with the latter, which causes the circles de-

posited by the coiler to extend in a ring of circles, or rather

of figures closely approximating thereto, around the centre

of the can. This coiling also imparts a slight twist to the

sliver, equal to about one turn in twenty-one to twenty-

two inches.

The trumpet tube is fitted with a traverse arrangement,

which moves it from side to side of the compression

rollers in order to prevent the unequal wear of these that

would arise from the sliver strand always entering at one

place.
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The work performed in the cnrding engine can be altertd

in two ways ; firstly, by changing the rate at which the

sliver is delivered ; and, secondly, by increasing or dimi-

nishing the draught. The delivery of sliver is dependent
upon the velocity of the calender rollers, and the speed of the

doffer shaft from which the calenders are driven. The
change is effected by means of a pinion upon the doffer

cylinder shaft. Diminishing the number of teeth in this

pinion lessens the delivery of sliver, whilst increasing them
enlarges the length produced. The draught remains as

before, because the feed rollers being connected with the

doffer, any change made in one in a corresponding manner
affects the other. The draught is similarly changed by
altering the feed roller pinion, a diminution in the number
of teeth lessening the speed of the rollers, and consequently

increasing the draught ; whilst an increase reverses this.

When the carding engines have been set to supply the

drawing and slubbing frames, the delivery of sliver is

seldom changed, as this would disarrange the relationship

between the card and the machinery in the succeeding pro-

cesses. Neither is the draught generally altered, as the

object this would achieve can be equally well attained by
altering the weight of the lap.

What is technically called " the draught " in the carding

engine, is the difference between the length of the lap

sheet and the length of the sliver formed from it. Thus,

if 1 in. of lap is drawn into 100 in. of sliver, this would
be termed a draught of 100 ; and a lap of 30 yards would,

with this draught, yield a sliver of 108,000 inches.

The roller carding engine is probably the one most
extensively in nse, as it is the one best adapted for the pro-

duction of low and medium numbers of yarn. It is com-
paratively simple in construction, easily set, and not liable

to get out of order, whilst in its working capacity it excels

all other forms. The work it performs, however, hardly

equals in quality that obtained from either the Wellman,
or the revolving flat cards.
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The other two cards previously mentioned, the Wellman,
so called from its inventor, and the revolving flat card,

are essentially alike, the difference being one of detail

only, relating to the method of stripping the flats. In both

cases the main cylinder is covered on its upper surface by
a series of bars extending across its face called flats, the

under surfaces of which are covered with card sheets. The
card surface is flat. When the series are brought together,

they extend half way round the periphery of the cylinder.

When laid in position their function is the same as those

of the workers and clearers in the roller card just described.

Instead, however, of revolving, in the Wellman card they are

fixed in their position, only being occasionally lifted for the

purpose of stripping from them the accumulated impurities.

The flat carding engine is of course one of the earliest

forms ofmechanical carding. Until, however, within a com-

paratively recent time, the cards were stripped by hand, this

being an operation requiring both skill and close attention.

With the growth of the trade and increasing scarcity of

labour, a supply of the proper class of men became difficult

to procure. This led to attempts to devise an automatic

plan of stripping the cards, but only a small degree of suc-

cess attended these early efforts. In the United States,

where the pressure was most severely felt, the problem

was approximately solved in the method invented by George
Wellman. Cards, with his automatic stripper attached,

have since been widely adopted in the trade, in which they

are known as the self-stripping or Wellman card. As left

by Wellman, however, it was not free from defects.

On its introduction into this country it was improved

and modified by one of our leading firms of machinists, and

adapted to work either as a first or breaker card, or

finisher. Medium counts, say from 40* to 100* in warp
yarns, and from 50* to 120* in wefts, require more card-

ing than lower numbers. In many of these cases the

roller card described is used as the first or breaker, and

the Wellman or revolving flat card as the finisher.
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The finisher carding engine on the Wellman principle,

with the automatic stripper, as made by Messrs. Dobson
and Barlow, the eminent machinists of Bolton, is shown in

the annexed illustration. Fig. 31. In its principal parts it

differs little from the roller card just described. The series

of flats, /, which are bent concentrically over the main
cylinder, are fitted upon adjustable brackets, ^, and so

arranged as to admit of each flat being set accurately

parallel to the face of the cylinder. These brackets are

carried upon a semicircle of firm, strong material, which
is turned with great precision to the required shape. The
lever or arm, h, moves backwards and forwards over the

semicircle of flats, /, carrying at its extremity the flat lift-

ing and stripping apparatus, which has proved to be a

very ingenious substitute for human attention and labour.

By its means the flats are lifted from their respective

brackets, and turned upward with their face exposed to

the action of the stripper roller, which clears away the

accumulation of waste that has gathered thereon. Imme-
diately this is done the mechanism restores it to its place

;

the arm resumes its movement, traversing the intervening

space until the next flat is reached that requires to be

stripped, when it again pauses, repeats the above perfor-

mance, and so continues until the whole of the flats are

stripped, when operations recommence. The order in

which the flits are stripped varies, those nearest the lap

requiring this attention more frequently than the others.

The number of flats are always such that whatever may be

the order of the arrangement of stripping, each in turn

and proper rotation will come under the action of the

stripper. The brackets, e, over the dofier cylinder and

against the main cylinder, are for the reception of the

grinding roller for grinding the cylinder and doffer with-

out removal from the frame.

The revolving flat card is another form of this machine.

In it, Fig. 32, the flats as seen are arranged in the form of

an endless lattice : those in work rest upon semicircular
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guide rollers, n, carefully set upon the tops of the sides of

the frame. These guides are adjusted by means of the

screws, p. The flats not in action are suspended upon carrier

rollers, g, over which they travel. The series of flats, as

thus arranged, have a slow traverse, not more than one inch

per minute. As they move, earh flat in turn comes up to

the stripping roller, 7c, by which it is cleansed from its ac-

cumulations of dirt. After this it passes upon the guides

to take its place amongst the working flats. The other parts

of the machine are similar to those of the Wellman card

just described.

The three machines noticed represent the principal

forms of the carding engine as now in use in this country.

Besides these, however, there are several others, but which
are mostly modifications wherein the distinctive features

of the Wellman and the roller card are combined. These

are called combination or union cards. The American
cotton trade must be credited with several improvements,

amongst them being the Wellman card and others which
will subsequently come under notice. Within the last two
or three years in that country, a new—or what is called a

new—arrangement of the flat carding engine has been in-

troduced to public notice, called the under flat carding

engine, wherein the flats are increased in number to such

an extent as to almost surround the main cylinder. Of
the merits of this arrangement we cannot speak, and trust-

worthy information is difiicult to obtain. Its novelty, how-
ever, is disputable, because an arrangement very similar in

principle was tried in England thirty years ago, but was
soon abandoned. The scale, however, on which the Eng-
lish machine was built was too large, making it cumbrous
and unwieldy, and to occupy too much space. The inven-

tors of its successor appear to have avoided this error.

Its construction is, however, theoretically faulty, and in

practice we think it will be found disadvantageous where
the object desired is to obtain a good yarn.

It has been seen that the various rollers and cylinders of
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the roller carding engine, and the flats of the Wellman
and revolving-flat carding machine are covered with card

clothing. This is constructed of bit s of fine wire bent into the

required form and inserted into a foundation composed of

leather, cloth, or a composite material formed of two folds

of strong cotton cloth, between which is a layer of india-

rnbber. Of late years leather, though perhaps the best

material for the purpose, has, owing to its cost, been, to a

great extent, superseded by the last-named fabric, which
makes an excellent substitute. The wires are either

flattened or round, coarse or fine, according to the purpose
for which they are required. They are generally made in

narrow strips about an inch and a half wide, and of any
length that may be needed. Sometimes they are made in

what is termed sheets, about six inches wide, and of a length

sufficient to extend across the card cylinder. Filleting is

carefully wound in a spiral manner upon the cylinders and
rollers, being made fast at each end. Previously to its

being used it ought to be exposed for several days, or even
a week or two, in a room the temperature of which is uni-

formly equal to that in which it has to work when on the

machine. This will probably be from 65° to 75*^ F., and
its exposure in this manner will allow it to evaporate all

its moisture, and shrink or expand as the case may be, so

that when it has been wound upon the cylinders and rollers

at a proper tension no further change will take place.

The winding-on of the filleting or clothing of the carding

engine is an operation of nicety, requiring both care and
skill. In many districts there are people who do nothing
else, who are called card clothiers, and go from mill to

mill, wherever their services may be required. Quite
recently, however, a machine has been invented by which
this can be done with great accuracy, the fillet being held

in such a state of tension as effectually to prevent any
slack places occurring or any change of temperature per-

ceptibly affecting it afterwards.

In Fig. 33 is shown tlie first card with which the cotton
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on its passage comes into contact, that clothing the "licker-

in " roller. This requires to be strong, in order that it

may not be injured in the event of any hard substance

which may have escaped extraction in previous processes

passing between the feed rollers and coming into contact

with it. It is therefore purposely composed of strong

wire ; the kind now generally used being flattened, and at

the points it is cut diagonally at the required angle. This

form of the tooth gives great strength and durability, with

the smallest liability to injury. Its power is such th^t it

will destroy or strike down almost any hard substance that

may enter with the lap sheet, and that without material

injury to itself, thus preventing damage to the fine cloth-

ing of tbe cylinder and rollers beyond. The illustration

shows the form of the tooth, the manner of its insertion

in the foundation, and the card curved on a section of the

circumference of the roller, thus exhibiting it as when
ready for work.

The next illustration (Fig. 34) represents the structure

of a card used for the main cylinder when employed for

good staple cottons. Cards are known by counts or num-
bers which are derived from the number of teeth in the

square inch of surface. The drawing shows a card of

100^, and slightly curved as when clothing the large

cylinder and ready for work. The clothing upon the

dofi'er cylinder is nearly always twenty counts finer than

that upon the large cylinder. The dirt roller card (Fig.

35) is of a coarse wire, openly set, so that it will receive

into its interstices the seed, leaf, motes, neps, and other

impurities which the cotton may contain, and which it is

its function to arrest and take out from the surface of the

closely set cards covering the main cylinder. Its cut is

similar in depth to that of the card covering the licker-in

roller. The carding rollers, or workers and clearers, are

both covered with cards of the same fineness, or nearly so,

as those of the main cylinder. This also is shown as when
ready for work.
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Carding, as previously observed, is one of the most
important processes occurring in the transformation of

cotton into yarn. Whether this shall be done well or ill

depends to a great extent upon the setting of the carding
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engine. It is meant by thistliat the carding engine sliould

be placed upon a solid, or at least upon a firm floor, free

from vibration and perfectly level, so that there may be no

unequal pressure of the working parts upon the bearings

and framework. A ground floor best secures this requisite,

and it is still better if it be a room like a weaving shed,

lighted from the roof. This secures a good north light

upon all the working parts of the card, which, as it is the

first machine in which the cotton is drawn into a sliver, it

is important should be well done. It will also conduce to

this end if there is sufficient room given to allow the

work people to pass all round each machine. The surfaces

of all the rollers should be carefully adjusted to that of

the large cylinder, the cards whilst being set closely and

evenly in each case, should in no instance be allowed to

touch each other. The workers and clearers, in order to

admit of this being done with the most perfect nicety, are

mounted upon brackets on each side of the frame, and
which are adjusted by screws. The flats of the Wellman
card are set in a similar manner ; whilst those of the re-

volving card are mounted upon flexible bends which admit

of a very accurate disposition of the flats. Some persons

set these parts by sight, turning the rollers round, and
carefully observing that they are nowhere in contact.

Others judge by the ear, and prefer this test to the eye, as

the slightest contact can be heard by a quick ear. Others,

again, prefer to set by a fine gauge, and probably this is

the best and surest method that can be used when it is

carefully employed. But all these methods require to be

checked by close observation of results after the card has

commenced to work. This is the best test of all and should

never be neglected. It must always be borne in mind
that the action of the card teeth is not the action of teeth

working into one another, their function being rather to

throw the cotton from the periphery of one roller or

cylinder to another in a single sheet of fibres laid in

parallel order, by means of which they can be stripped in a
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continuous web and condensed into a sliver. If the wire

teeth were so set as to work into each other, or even merely

to touch, thej would roll the cotton into lumps or neps, as

thej are called. This is also seen when a card is being

overworked, or too much material being put through,

which it rolls out in neps, however good the cotton may be.

Some persons prefer to use double carding engines, and
these often very wide on the wire, say up to fifty inches.

In these cards there are two large cylinders, the first

being stripped by a doffer cylinder called a slow tummer,
this in turn having the cotton taken from its surface by a

clearer roller which transfers it to the second cylinder, after

w^hich the process is identical with that of the single card.

In this case no second carding is needed. This plan is held

to be economical as far as wages go, but it does not meet
with the approval of many of the most experienced and
skilful of spinners and managers, who prefer two pro-

cesses through two single machines.

Where single cards are used, and the cotton is put

through twice, the first card is called the breaker and the

second the finisher. The sliver as dofied from the breaker

is re-formed into a lap in the Derby doubler, the sliver cans

being taken and placed at the back in sufficient number
when combined to form a lap of the required weight and

width, which is then ready for the finisher card. The
clothing of the finisher card should always be finer than

that of the first card. The first card is sometimes em-
ployed to perform the second operation, but this plan is

not to be commended. This process, it will be obvious,

secures much better than single carding a perfectly even

sliver for the subsequent stages, and finally more even,

uniformly strong, and therefore a yarn commercially more
valuable, by which the extra cost of production will bo

more than compensated. Or if it be desired to produce a

yarn not better, but equally good with that from single

carding, it can be accomplished by using a slightly lower

quality of raw material. In this manner compensation

K
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for the increased cost of production is equally well

attained.

Where this plan of working is adopted, the cards, both

breaker and finisher, may be on any of the three principles

already described : that is, both first and second may be

on the roller, Wellman, or revolving flat principle ; or, if de-

sired, any two of them may be combined. In the latter case,

the roller card or the Wellman are best adapted for breakers,

and the revolving flat for finisher. In case the two first

are used, the second should occupy the position of finisher.

Whatever class of machines is used, if good work is

wanted, it is essential that they should not be overworked,

that the carding should be what is called light weight.

Where changes are made in the counts, reducing the

numbers and increasing the production, there will as a

consequence be a demand made upon the cards for a

greater production; when this is the case, it may become

almost imperative to work the cards more heavily. This

condition requires great care from the carder. Light

carding is easy enough, but heavy carding requires the

closest attention of the carder, in order to prevent the

cotton being delivered before it is sufficiently carded, by
which bad work would result ; and, on the other side, to

prevent it remaining in the card a moment longer than

necessary, as this diminishes the product. Cottons differ

in the amount of carding they require, some needing more,

some less ; others, again, contain a larger proportion of

short fibre, and fill the cards sooner, rendering it neces-

sary to strip oftener. On changes being made in these

respects, the carder should give the closest attention to his

cards, in order that he may make any alterations that may
be needed in time and before much imperfect work can

have passed. To keep the product from the cards in the

best condition, it must be kept in mind that when the

weight is increased, it will be necessary to strip and grind

proportionately oftener.

Considered in relation to good carding, grinding the



CARDING AND COMBING. 131

cards is a most important duty. To secure the best results

the cards must be kept very sharp and free from all turn-

ing up at the points, by which " hooks " are formed. The
best point for carding purposes is the diamond point, so

called from its form. This is produced most successfully,

and, indeed, only in perfection, by skilful hand-grinding

with the flexible strickle. The form of this tooth is well

known. No mechanical grinding has yet been able to

equal the perfectness with which it can be obtained by the

hand ; nor has any other form of tooth been discovered

which is so suitable for its purpose. Mechanical grinding

with a roller extending across the face of the cylinder is

objectionable because its abrading action is all brought to

bear upon the back of the card-tooth, the effect being to

produce what is called a chisel-point, that is, a wide flat

point like that of the instrument from which it has been

named. It will be seen that a fixed roller of this kind can

have no other action, and consequently no other effect

than to produce a point of this description. This is par-

tially obviated, however, by the form of the grains of

emery covering the grinding roller, and further by giving

the latter a short lateral traverse. What is required

is that the sides of the teeth shall be ground as well as

the back, by which a true point will be at least approxi-

mately attained. The needle point would be the most
perfect form of the tooth, but this it is well nigh impos-

sible to obtain after the cards have their first or new point

worn down. The needle point is produced by the revolu-

tion of the needle on its own axis when it is held against

the abrading surface in an oblique line. This cannot pos-

sibly be done in cards after the clothing has been made.

All that remains is to come as nearly to it as circumstances

will permit. Skilful hand-grinding can come very near to

it, as a careful and clever operator, fully knowing what is

wanted, will grind round seven-eights of the circumference

of the wire forming the points of the teeth. This yields a

point which is a little nearer theoretical perfection than
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the diamond-point, tbongh it is usually given that name.
The Horsfall mechanical grinder, with its traversing disc,

is the most successful invention yet introduced in attain-

ing the end sought. This grinds the teeth not only from
the back like the long roller, but also on each of the two
sides. Eut the quarter of the circumference forming the

front, and which in the revolution of the cylinders and
rollers forms the face of the teeth, it cannot touch. Thus
the diamond point is formed by grinding three-quarters of

the circumference of the wire, the abrading surface having

a three-fold action. But even this grinder, as usually con-

structed, is defective and imperfect, inasmuch as the width

of the revolving strickle or disc on each side of the cylin-

ders and rollers is impeifectly ground, or less perfectly so

than the portion over which its traverse is complete. This

arises from the fact that the strickle does not pass from the

surface of the cylinder or roller before it commences its re-

turn, thus leaving the outer side of the tooth unground,
I which reduces the surface acted upon to one half of the

circumference of the wire point. On the opposite side the

reverse half is left untouched. With hand-grinding this

does not occur. The reason why the front of the tooth

cannot be ground, we ought to have observed before, is

because of the angle at which it is bent. Were the teeth

quite vertical, no difficulty would be experienced, as then the

direction of its revolution could be reversed. It is, how-
ever, superfluous to say that were they set in this manner
they would not be capable of doing the required work.

Practical men differ in their estimates of the value of

cards built upon the foregoing plans, some maintaining

that the roller card is the best, others strongly affirming

the Wellman to be better, whilst others again claim that

the revolving flat card is the bef>t of all. It is not all

practical men even who are best qualified to express an

opinion on these points, as often their experience is not

wide enough to enable them to judge of the merits of more
than one of the three. Again, satisfied with what they



CARDING AND COMCINQ. 183

Tiro doincT, t/liej have never inquired what is being done by

others, and whether or not their own results are not sur-

passed elsewhere. During the past ten years, in which

competition has become unusually severe, more attention

than previously has been directed to secure the best results

in quality and the highest economy in working, the effect

being that opinion on this and several other matters has

become more clearly defined. That this has caused the

revolving flat card to grow in favour, as compared with its

competitors, is indisputable, and there is little doubt but

that this conclusion is a correct one.

It has been previously observed that cotton is injured

by any overworking in the respective processes, and the

fact cannot be too carefully borne in mind that it is im-

proper and injurious to allow it to remain under treatment

a moment longer than is necessary to effect the object of

each particular process. It will be obvious also that the

machine which accomplished this end the soonest and with

the least amount of treatment of the fibres, will leave them
in the best condition for subsequent processes, that is, with

their natural structure and strength unimpaired.

To stand beside a roller card at work and watch its

operations will convince almost any observer that the treat-

ment to which the raw material is subjected is exceedingly

severe, whatever may be the end to be attained ; whilst the

practical observer, knowing exactly what is desired, is

driven to conclude that the violence is in excess of all re-

quirement. The object sought being, in the first place, the

extraction of all impurities, which consist mainly, if not

altogether, of particles of dust, seed, leaf, and of short, un-

ripe, imperfectly developed, and damaged fibres ; and in

the second, the arrangement of the fibres in parallel order
;

it would seem that neither of these can be effected in the

most satisfactory manner by this card. Owing to the

rollers being set as closely as possible to the cylinder with-

out actual contact, the heavier impurities that are carried

in with the lap, and thrown by the licker-in roller upon the



13i COTTON SPINNING.

rrjaln cylinder, if not immediatelj taken off by the dirt

roller in its revolution, are liable to, and actually are, cut

to pieces by the succeeding rollers and clearers. When
this is done, it becomes exceedingly difficult, if not impos-

sible, to remove them afterwards ; especially if they are the

fragments of immature or imperfect seeds called " bearded

motes.'* Great quantities of these are carried forward

through all the succeeding stages to the spinning process,

where they are spun into the yarn, being held by the short

fibres upon them, whilst the specks of seed forming the base

are thrown upon the surface of the thread in the manner pre-

viously described, disfiguring and deteriorating the quality

of the yarn. This result is often seen where the roller

card is employed, and its action in this respect is simply

representative of what occurs in connection with other im-

purities in which the results are not quite so conspicuous.

Bat the manner in which it performs the second function

of the card, that of laying the fibres in parallel order, is

not so perfect as is desirable. The transfer of the fibres

from cylinder to worker, from worker to clearer, and from

tlie latter again to the cylinder, and so on through the whole
series to the doffer, from which it is taken by the vibrating

comb, is not favourable to the disposition of the fibres in

the desired parallel order. The alternations of surface

velocity will have something more than a tendency to fold

the fibres back upon themselves, and each roller, as it de-

livers its carded portion to the cylinder, will lay them in

lines often not parallel to those of their proper direction.

The best result, therefore, is only an indifierent approxima-

tion to the condition required. This necessitates consi-

derable doubling, and especially drawing, which, in its turn,

tends to destroy the natural convolute or twisted form of

the fibres, which greatly weakens the yarn, because instead

of firmly cohering when twisted together, a slight strain

causes the fibres to glide over one another, the resistance

ofiered to breakage being only that of about one-ihird or

one-fourth of the fibres in the strand of yain whicn happen
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not to have been injured. That it has hitherto been im-

possible to utilize the full strength of the material employed

is proved by the breaking strain of the best yarns that are

produced falling far below the aggregate strength of the

individual fibres they contain.

Combing.—Combing may be described as the most highly

perfected application of the principle of carding. Its chief

purpose is to separate from the material all the fibreC that

are in length below the standard it has been decided to use.

In addition, it effectually clears the cotton from vegetable

and other impurities that may have escaped the carding

process through which the cotton has first been put.

Combing is now indispensable in the preparation of

cotton for spinning the higher qualities, and counts of yarn

known as " high numbers," and which range from 80^ to

250* and upwards. It is, however, only used in the pre-

paration of low or medium counts, say from 20* to 60*, in

cases where a high quality is desired. Manchester and

Bolton are the principal localities in which the combing
machine is in use, though a few other establishments

making specialities in yarn and using this process are

scattered over other parts of the country. The large

sewing cotton manufacturers use combed yarns in making
their better qualities of sewings.

The combing machine was designed and invented by

M. Heilmannof Mulhausen, one of the Continental centres

of the cotton trade. This was a few years before 1851.

It was probably an outgrowth of the same inventor's wool-

combing machine. The cotton-comber, however, only

drew public favour to itself very slowly. The inventor

took the opportunity offered by the International Exhibi-

tion of 1851 in this country, to introduce it to the notice

of English spinners. These gentlemen, or rather those of

them spinning fine yarns, were not slow to perceive its

value to their branch of the trade. A syndicate was
formed to acquire the right to its exclusive use in England,

and the patent was purchased for the sum of £30,000.
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Its construction was placed in the hands of an eminent

firm of machinists in Manchester, whilst its use wad re-

stricted to the members of the syndicate. After thej had

been fully supplied, and had enjoyed the advantages of its

exclusive use for some time, it was permitted to be sold to

the public under the imposition of a royalty of £300 per

jMacbine, which, with the cost of construction, brought the

charge up to the considerable amount of £500 per machine.

As the patent approached expiration this charge was re-

duced. The machine, however, was maintained at a high

price, and the patent virtually prolonged, through the same
process of protection being resorted to for securing the im-

provements that experience had dictated, and which, indeed,

were almost indispensable to make it a thorough success.

The invention and adoption of this machine has had a

highly important influence upon the fine spinning branch

of the cotton trade. It has rendered feasible the use of

cottons formerly regarded as quite unsuited for the pro-

duction of fine yarns. By thus increasing the bulk of the

material, and widening the area of selection, it has done

much to reduce the prices of fine yarns to a lower level

than before, thereby extending their application and in-

creasing their consumption.

In the Heilmann " comber," of which Fig. 36 is a sec-

tional view, the lap, a, was placed upon the rollers, h, which
by their revolution unrolled the fleece when it passed down
an inclined guide plate, c, to a pair of steel feed rollers,

d d\ the lower of which was fluted, whilst the upper was
covered with leather. These rollers had an intermittent

Tucvement obtained through peculiar gearing, by means of

which they were turned one-sixteenth to one-twelfth of a

revolution at a time. They delivered the cotton to a paii* of

nippers which opened to allow its passage. These nippers

were composed of two parts, the blade, e, and the cushion,

pivoted upon e\ the latter being covered with leather. The
blade, e, received its movement from a cam at the gearing end
of the machine. The motion was transmitted through two
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levers, a connecting rod, e^ and a shaft. The blade had a

greater movement than was required to bring it into

contact with the cushion plate, and the latter being hung

upon a pivot, and held forward hy a spring, was pushed

backward by the pressure of the blade into a position

which subjected the cotton to the action of the combing

cylinder,/. A reverse movement then took place, which

permitted the cushion plate and nipper blade to advance

with the cotton in their grip to a point where, when the

nipper blade, e, rose, the fibres were taken hold of by a de-

taching roller, g^, and a fluted segment on the combing

cylinder,/\ The surface of this cylinder, opposite to the

fluted segment, carried a series of seventeen combs, f'\

graduated in fineness from thirty to ninety teeth in the inch.

Between the fluted segment and the combs was a plain

spnce at each side, during the passage of which in the re-

volution of the cylinder, time was afi'ordcd for making the

required changes between the combs ceasing to act and

the fluted segment coming into work, and vice versa, the

cylinder revolving continuously. The top comb was fitted

above the cylinder, its function being to comb the ends of

the fibres, and to prevent any being drawn forward except

those that had been combed and cleaned by the cylinder.

The top comb had only a vertical movement, being lifted

out of the way of the cylinder comb when the latter was

passing underneath. The detaching roller, g, and its

leather covered fellow, g\ with the accessory roller, g\
received their motion from a cam which was arranged to

turn the roller, g, one-third of a revolution backward
;

then, reversing, two-thirds forwards, when it stopped

until the cylinder combs had prepared another length of

fibre. The reverse movement was given to the roller, g,

for the purpose of taking back the rear end of the pre-

viously combed fibre, so as to place them under and attach

them to the fibres coming from the combs, whereby the

whole were formed into a continuous sliver or ribbon, it

being necessary to detach the fibres under opeiation from



CARDING AND COMBING. 130

the remainder of the fleece as fed in, and also from the

fibres already combed. The attachment being made, the

roller, g, was reversed, and removed the next length of

fibres out of the way of the combs. In order to ensure a

a proper hold being obtained of the partially combed
fibres, the top roller, g^, was made to move round the axis of

the roller, g, into contact with the fluted segment, /\ of

the cylinder, thus forming a revolving nipper. The top

roller, ^\ was brought into contact by the lever, g^, and

its connections by means of a cam at the gearing end of

the machine. It was in contact with the fluted segment,

/', of the cylinder, /, for only a portion of the time that

the roller, g, was making the partial revolution forward,

but it was always in contact with the roller g.

The process of combing being thus completed by these

operations, the ribbon of combed cotton passed to the

rollers, i i\ through a trumpet tube which pressed it to-

gether to form a round sliver. The slivers from the six

heads were then united, passed through the drawing head
at the end of the machine, and coiled into a can.

The combing process having for its primary object the

removal of the short fibres contained in the cotton, and,

iucidentally, dirt, leaf, and neps, it may be interesting to

inquire how these were then disposed of by the machine.

When the roller, g^, and the fluted segment, /\ of the

cylinder had got hold of the front ends of the half-combed

fibres, the top comb fell a little in front of the part upon
which the cylinder combs had previously operated. The
roller, g^, and the fluted segment of the cylinder then

drew the fibres forward, the top comb preventing anything

advancing, except the long fibres protruding through the

teeth of the comb. The short fibres were thus left in the

portion of the teeth from which the long ones had been

drawn, and on the rollers, dd^, delivering a fresh length

through the nippers, e e\ the combs, /^, on the cylinder,

/, passed through the projecting part of the fleece, and
separated from it the neps, dirt, and all the fibres not long
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enough to be firmly held. They thus took the waste fum
the front ends of the fibre, and that which was left by the

top comb. As the cylinder revolved the waste was
cleaned out by the action of the revolving brush, (/, which

had a quicker revolution than the cylinder. The brush

then threw the rejected fibres upon a doffing cylinder

covered with card clothing, which in turn was stripped by

an oscillating comb, when the waste dropped into a

receptacle prepared for its reception at the back of the

machine.

The short fibre and waste thus produced was subse-

quently used in the spinning of low and coarse descriptions

of yarns, in which cleanliness was not an essential

quality.

The Heilmann comber was left by the inventor as thus

described, and in that condition at the time was regarded

as one of the greatest triumphs of mechanical skill and

ingenuity to be found in connection with the machinery of

the cotton trade. Yet when put to work it was discovered

that its numerous parts rendered it intricate, liable to get

out of order, and difficult to set right. Many improve-

ments, therefore, in the way of simplifying and perfecting

its details were introduced during the course of the time

covered by the patent. As these details were also succes-

sively patented, the protection originally granted was vir-

tually prolonged. The original invention, however, became

public property, and was adopted as a base from which to

start afresh. Messrs. Dobson and Barlow, well known as

eminent makers of machinery for spinning fine yarns, know-
ing the combing machine to have become an important,

indeed indispensable adjunct or part necessary to complete

their system of machines, took this in hand for purposes of

improvement. Their establishment being situated in the

midst of the fine spinning district of this country, they had

the best opportunities of becoming acquainted with both its

merits and defects. The latter it has been their study to

remove. In the comber, as we have described it above.
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there were in each set of six nippers no less than 564
pieces, including those belonging to their fixings. From
this an idea may be formed as to its complicated character.

These parts have been reduced to 216, showing a diminu-

tion of no less than 348 parts. In Heilmann's machines it

took ten hours to set the nippers, which was a delicate

operation, demanding the exercise of both care and skill.

By the changes that have been made, this can now be

performed in half an hour, acd is so simple that any carder

can easily and quickly be made to comprehend the method
of doing it. The nipper has been reconstructed and made
to hold the cotton to be combed against the fluted feed

roller, thus dispensing with the cushion plate. The cotton

is drawn into the top comb by detaching rollers, which
draw it in a straight line from the grip of the feed rollers,

thus combining great simplicity with efficiency. The
working of the detaching rollers has been simplified, so

that they can be stopped with greater accuracy, thereby

ensuring a more equal delivery at each stroke. When
changing the staple of cotton in the original machine, it

was necessary to have two new large cams and a notch

wheel. In the improved form, the makers have managed
to dispense with these objections altogether. Combs must
be perfect to do good work, and as they are liable to

damage, great facilities should exist for replacing them
quickly and easily ; the latter have been much increased

by the changes introduced. The diff'erent parts, formerly

incapable of it, are now made adjustable, so that they can

now be more nicely regulated, and all wear be taken up
with facility. The connecting rods and half the joints have

been dispensed with altogether, whilst two rollers can be

set with one screw in front.

Instead of the waste, as formerly, being discharged

behind into a receptacle, it is now deposited upon a travel-

ling lattice, which conveys it to two calender rollers,

whence it passes into a coiler at the end of the machine.

These slivers are subsequently made into a lap, and used
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in tlie ordinary way for spinning coarse counts. The
improved comber can be adapted to work good American
cottons, all kinds of Egyptian, Fijian, Sea Island, and all

kinds of long stapled varieties.

But with all the improvements that have been effected,

the comber on the Heilmann model remained rather limited

in the extent or range of its use. It is only fitted for the

longer stapled cottons, such as have been indicated. A
want has, however, long been experienced for a machine
of this sort, that should be capable of dealing with

a greater variety, including those of short staple, and
capable of doing a larger quantity of work. The want
may be described as being for a comber that should take

and do the work now performed by the finisher card, bat

in a better manner. Owing to the class of work which the

Continental manufacturers are engaged upon, this want

has been more strongly felt by them than by ours, and

accordingly we find that attempts have been made to supply

the requirement. The most successful of these efforts is

that shown in a machine exhibited at Paris in 1878, which

is the invention of M. J. Imbs. This, it is said, has met

with extensive adoption on the Continent, amongst the

manufacturers of France, Alsace, and Italy.

In the following, Fig. 37, a sectional view of this machine

is given. The two rollers, A, have the' lap, B, containing

its rollers, placed in the position as shown, where it is re-

tained by two stands. The revolution of these rollers

uncoils the lap, the sheet then being conducted to the feed

vullers, c C, and over the fixed rail, d, and thence between

the nipper jaws, e, f, and the flated rails, G, H. The parts,

E, G, F, are connected with each other, and form the re-

ceiving and combing nippers, which are opened and closed

at the proper moment by the action of the cams, k', and

the rods, i, the jaws of the nipper, G, H, being attached to

the latter. The cams, K, act upon the rods, J, to which all

parts of the nippers are attached; and by this means the

rod is moved backward or forward, or kept at rest, as
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required ; llie springs, w, pull this rod back, whilst the

shafts, o', make the same number of revolutions. The
part, E, is covered with cloth and leather, and the jaws,

G and H, are acted upon bj the springs placed above

them.

The two jaws, re', compose the delivering nippers, and

are respectively connected with two large levers, x x',

which turn on their fulcrum, x, moved by the cams on the

shaft, 0, which act upon the friction bowls, v, attached to

the levers, xx'. After the action of the cam has been

completed, the spring, m, returns the levers, x x', to their

first position. The nipper jaw, n\ is fixed to the lever, x,

whilst the jaw, R, can slide up the rod, i\ when the

nippers are required to open, and descend again when they

are to close. The delivery nippers are actuated by the

cam, T, fixed on the shaft, o^ which turns on the bar, u.

The shaft, o^, in its action makes the same and corre-

sponding revolutions to the shafts, o o'.

The comb rod, r, is placed between the delivery and re-

ceiving nippers, and has an ascending and descending

motion, pausing at the extremity of each. It is actuated

by the cam, m, and the frame, L, which slides in the guide

bars, N. The comb rod, P, contains from two to four rows

of combs, which may be arranged to operate either together

or in succession.

All arrangements being complete for work, the opera-

tion of the machine is as follows :—the delivery nippers,

R r', seize and pull through the combs a certain quantity

of cotton, which then passes on to the brush segment, s, of

0", and is passed by its revolution to the doffer, T. The
latter is arranged to oscillate, so as to receive the portions

of cotton deposited upon it at regular and stated intervals.

The receiving jaws in going back comb a length of cotton.

When the combs descend they are cleaned by the revolving

brush, Q, which takes and deposits the waste upon the re-

volving roller, Q^ During the descent of the combs, the

receiving jaws descend with the sliver to the central line.
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and the delivering jaws return to the same position open,

again seizing and closing upon the proffered cotton ; the

receiving jaws are then opened, and recede in order to be
fed anew. The combs next rise and again pass through
the sliver, when the preceding operations are repeated.

The vibrating combs, z z', detach first the combed cotton,

and second, the waste ; the first named is formed into a sliver,

and conducted between the four pairs of draw rollers, a a
a a, and the delivery rollers, h b, thence to the coiler for

deposit in the sliver can.

It is asserted that this machine does its work very well,

both when dealing with long and short stapled cotton,

getting through a great quantity, making a small amount
cf waste, and needing but little attention,—in these respects

comparing favourably with the finisher carding engine.
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CHAPTER YI.

Drawing, Slubbing, and Koving.

Drawing: definition; its objects; doubling or combininj^ slivers,

minimizing irregularities; tliei)retieal results.—Practical imperfections

of doubling in past times; progressive improvement.—Extension of the

process; causes of this.—Tlie drawing frame: description; speeds of

rollers ; their action.—Details of construction.—Its development.—The
electricstop motion.—Varieties of cotton.—Requirements in the draw-
ing process.—Location of drawing frames ; freedom from damp and
draughts required.

—

Slubbing : definition; description.—Intermediate,

or Second Slubbing, a repetition of the preceding.

—

Roving : definition.

—Roving frame : description. —Differential motion of the spindles and
bobbins in bobbin-and-fiy frames, in the slabbing, intermediate, and
roving frames; a nice problem in mechaiiics ; Holdsworth's solution.

—

The principle explained and illuf<trated ; successive layers ; the traverse

;

winding of each layer ; diminution of coils.—Spindles of the three

frames.—Mechanism of the roving frame ; connection between its parts
;

description; operation; the driving, roller, spindle, and bobbin shafts;

jack in the box ; the cones, method of operating them : the traverse

movement ; acceleration of speed. — Reversal of traverse and how
obtained.—Traverse of the slubbing. — Doffing.—Altering draughts.

—The intennediate, and the slubbing frames.

A S previously defined, in the process of drawing, several

J^\^ slivers, the product of the card, are combined and

Attenuated to the dimensions of one. Every step in cotton

spinning has a twofold object—the first being to carry the

material a little further in the constructive process ; the

second, to eliminate or minimize the defects of the pre-

ceding stages. The constructive part of drawing ia to

further perfect the parallel arrangement of the fibres con-

tained in the sliver, which is accomplished by the difi'erent

velocities at which the rollers revolve, and the proportion

of which will be seen subsequently ; the second is to render

the sliver more perfectly uniform in its dimensions, or iir
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the number of fibres contained in a cross section, than it is

when delivered from the card. As shown in the preceding

pages, there are various causes tending to produce irregu-

larities, not only between one lap as compared with

another, but also in the sheet of an individual lap. In the

one case there are differences of weight—some being too

heavy, others too light, whilst a third part may be correct;

in the other, the sheet will, or may, be in one portion too

thin, in another too thick, and, again, maybe of the proper

texture. A small irregularity in the lap will be increased in

the sliver coming from the card just in the ratio of the

draft. Thus, suppose that one foot of the lap sheet,

through some detect in the working of the lap machine or

neglect of the attendant, contains only two-thirds of the

proper quantify of cotton, this in the card will be drawn
out to, say, one hundred feet of sliver, which will only be

of two-thirds the proper weight. Were this to be carried

through the succeeding processes, until the yarn should be

completed, the fault would increase with every successive

draft or attenuation of the material, though the relative

proportion would not be altered. If we assume that the

design be to produce a 40® yarn, under this supposition the

resulting part containing the fault would be 60^ thus

presenting the serious difference of twenty hanks. Error

on the opposite side, in which the lap is too heavy, would

produce defects quite as serious in making the yarn too

coarse. This, however, rarely or never occurs in actual

working, as experience has long ago demonstrated the

necessity of doubling and drawing, by which its possibility

is prevented. The parallel arrangement of the fibres in the

sliver as it comes from the card is very imperfect, and
must be improved. This could not be accomplished satis-

factorily were the single sliver to be drawn, as the attenua-

tion or reduction of " the grist," as the dimension is called,

would be far too rapid, and the object would be unaccom-
plished when the sliver had been reduced to a fine roving.

Therefore it is that doubling is resorted to, which enables
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it to be completed in a satisfactory manner, and the proper

weight of the sliver to be preserved. But the second ad-

vantage, no less important, is gained by the almost entire

elimination of the irregularities of the sliver, the necessity

of which has been pointed out above. It will be obvious

that the chances of irregularities falling together in a

number of slivers are reduced in proportion to the increase

of the number. And, similarly, an irregularity in one

sliver, when combined with seven others which it may be

assumed are perfect, will be reduced to only 12| percent,

of its original dimensions in its first passage through the

drawing frame ; in its second passage, this will be further

diminished to 1| per cent. ; whilst, in the third, it is prac-

tically obliterated. This process of doubling, looked at

from a theoretical point of view, will yield a perfectly even

sliver from the last head or passage ; and this process is

really the basis of the wonderful perfection attained in the

production of an even thread, regular in dimension and
strength.

When, however, doubling is looked at from a practical

side, there are several imperfections discoverable which

tend to prevent the attainment of theoretical perfection.

In the earlier dajs of the modern system of cotton spinning,

spinners were often troubled with the presence of "single
"

or weak lengths in the threads of yarn, which careful

observation soon led them to discover was owing to the

faults pointed out above. The cure was at once suggested,

and doubling increased. The sliver, or rather the carded

material from the hand-card in the days of hand-spinning,

was always used with little preparation in the shape of

drawing or doubling, all the process of attenuating and

equalizing the mass of fibres being performed by the fin-

gers of the spinner. A coarse rove was first made from

the carded cotton, and this by a second process was re-

duced and spun into yarn. The roundness and evenness

of the thread thus formed was a test of the qualifications

of the spinner, whose productions commanded a corre-
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spondingly good price, or otherwise, as these points were
more nearly or distantly approached. On the displace-

ment of mnnual spinning by that of machines, it was
found that the latter, not possessing human sensitiveness,

had no power to correct any irregularities in the sliver, but

that they attenuated them in exactly the same proportions

as those of the draughts, whether the faults were an
excess or insufficiency of weight, and that the yarns thus

produced were considerably inferior to those obtained from
good hand-spinning. It was therefore a happy thought
to correct the inequalities of the slivers by putting two
of them together, and drawing them into one, for the prac-

tical development of which plan the trade is indebted to

Arkwright. It was a natural outcome of his realization

of Paul's great conception of attenuating the roving by
mechanical means before twisting it into a thread. The
result was a great improvement, which showed that this

was the way to comparative perfection, and it was quickly

followed. Putting up two slivers, and drawing them into

one, was literally '• doubling," from which the name of the

process has been derived. Though very satisfactory, this

left much to be desired. Three slivers were afterwards

treated in the same way with advantage, which were sub-

sequently increased, until, as now, six to eight were put up
in the first passage through the drawing frame.

Whilst these changes were in process, the passages

were at the same time being increased, until the material

was put through the drawing frame three times, as is now
the case ; but, after all this, it was found that imperfections

yet remained to be remedied. The drawing heads de-

livered the slivers into cans placed beneath, which were
neither supplied with coilers nor pressers. The conse-

quence was, that the slivers were quickly overflowing if

neglected for a moment or two by the attendant. The duty
of the latter was to keep constantly on the move from one
machine to another, supplying fresh sliver cans to the back
of the frame as those already there became exhausted, and
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pressing the sliver down in thereceivii ^ rvs n,t the front

until they were properly filled. Tbi.s -ysioin not only

entailed much waste, but, as will be obvious, led to fre-

quent damages of the sliver. Careless j^nd thoughtless

attendants, in pressing it into the cnns, h;nl little regard

to avoid dragging it, thus making thin places, or breaking

it, and making bad piecings. Too often, also, one or more
of the sliver cans were permitted to become exhausted, and
the end to pass through, perhaps a long distance, before its

exhaustion was observed. This weakeutd the new sliver

to the extent of one-eighth, or other proportion, of its

strength, and sometimes even more. The defective por-

tion was then either allowed to pass, or was pulled from

the cans, and made into waste. Many of the elder em-
ployers and operatives of the present generation will re-

member this state of matters generally prevailing. Whilst

spinning and manufacturing were combined in one esta-

blishment, not much importance was attached to the de-

fects in yarn arising from these sources. When, however, the

two branches began to separate into two distinct busi-

nesses—the spinner having to sell his yarn, and the

manufacturer to purchase it—the latter lodged complaints

when the defects became unduly numerous, and sometimes

adopted more stringent measures to obtain redress, such

as claiming compensation for inferiority of quality, reject-

ing deliveries, cancelling contracts, or severely leaving

alone an inferior spinning. These courses of action quickly

stimulated spinners to investigate the causes of defects,

and to take steps to improve the quality of their yarns, as

by so doing they enhanced their reputation and obtained

better prices. It is to promptings fiom this source that

the trade is indebted for many of the improvements that in

their aggregate effect have carried the art (»f cotton spin-

ning a long way towards perfection. The automatic

presser, which gently presses the slivfr, without injury,

into the cans ; the coiler, which cause- \t to be deposited

in a beautiful order thir. precludes its entnu lenient; and
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the automatic stop-motion, that immediately on the ex-

haustion or breakage of a sliver, and before the end can

pass between the back rollers, and injure the new sliver

being made, stops the machine, and refuses to permit work
to be resumed until a new sliver is put up, owe their origin

to this cau.se. A stop-motion in front also exercises similar

care in the prevention of overflowings of the can, thereby

avoiding the making of waste. As long as the drawing-

frame is kept in good condition, and not otherwise tam-

pered with in the stage of perfection to which it has

attained, it automatically makes almost perfect work.

That it should accomplish what we have stated proves it

to be one of the triumphs of mechanical skill, and shows
to what a wonderfal extent inert matter can be endowed
with what might almost pass for the reasoning faculty,

the highest attribute of the human mind.

Though the merits of the drawing-frame entitle it to be

spoken of thus highly, yet it is one of the simplest

machines employed in cotton spinning. It is the first,

however, in which is introduced the important principle of

drawing or attenuating the sliver by means of rollers. The
size of these machines is usually indicated by the number
of heads or deliveries they contain, as they are made in

different dimensions, according to the requirements of in-

dividual spinners. One head or delivery constitutes a

perfect machine ; but the usual custom is to combine three

heads in one frame, when it is called a drawing-frame of

three deliveries. As will be seen from the accompanying
illustrations (Figs. 38, 39, 40), which show the front and
back elevation and section, it consists of an oblong

frame, in which is mounted a roller beam, carrying four

rollers, extending the length of the frame. These are the

bottom rollers, and contain twice as many fluted bosses as

there are heads to the frame. The top rollers are short

ones, though double bossed, being of a length to serve one

head onh . They are mounted in the same bearings, and

rest upon the bottom ones. The top rollers are all plain,
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unlike those on which they rest, and have their bosBe.s

covered either with flannel or leather. Formerly the first

and second top rollers from the back were corrugated, but

this plan has been very generally abandoned, A top and

a bottom roller form a pair. The upper rollers are driven

by contact with the lower ones, which is maintained by

saddles or hooks, from which weights, v, are pendent. A
light wood clearer-roller rests upon the top of each pair of

rollers, whose function is to take up any loose fibre or

broken sliver, to prevent it running round the rollers, the

diameter of which it would quickly increase at the point,

and so prevent the roller drawing properly in any other part

of its length. Waste can be stripped from the clearer

rollers with more facility than from the drawing rollers.

The speed of each pair of rollers differs from the other,

being graduated from the back to the front. The usual

speeds are in the following ratio : the back pair or taking-in

rollers, 1*00 ; second pair, 1*25 ; third pair, 175 ; fourth, or

front pair, 2*75. It will thus be seen that the acceleration

is not in an equal ratio, the second pair revolving at a rate

only once and a quarter as fast as the first, or taking-in

rollers, whilst the third pair gain half a revolution upon the

second. It is between the last two pairs in the series—that

is, the third and fourth pairs—that the chief draught takes

place. The difference between the speed of the third and
the fourth pairs is considerable, the acceleration of the latter

being more than one-half. Thus the real work of this ma-
chine is done by the second, third, and fourth pairs of rol-

lers, the first pair being conductors, taking the sliver into

the machine, and retaining it for a little preparatory draw-

ing by the second pair. The latter hold the material, whilst

the third pair attenuate the sliver still further, the operation

being concluded by the last pair. The top rollers not being

fluted, but covered with leather or flannel, give the surface

a chanceof sliding over the portion of the material that may
be too firmly held to be drawn from the preceding rollers.

This to some extent prevents the breakage of the longer
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fibres that occnr in the material. In all cottons there is a

variation in the length of the fibres, some exceeding and

some falling below the average. The rollers are always set

to work the average length, whilst that porticm which much
exceeds it gets broken in the drawing, or escapes such a fate

in the manner indicated. The draught upon the cotton in

this position is such that the fibres are not only changed in

their relationship to each other, but their arrangement in

parallel order is greatly advanced. The front or fourth

pair of rollers having only a very slight gain upon the

speed of the third pair have as their function little more to

do than take hold of, and conduct the sliver to the point at

which it is delivered. After the sharp action involved in

drawing there is a crispness or tendency to curl in the

fibre, and the delivery rollers exercise a useful function in

slightly calendering the sliver, thereby preventing it from

flying from the position into which it has been the object

of the process to place it. This brief description will fully

explain the principle of the machine, and the purpose for

which it is introduced into the series necessary for trans-

forming cotton into yarn.

It will now be proper to give a more detailed descrip-

tion of this machine, as illustrated in the accompanying

drawings, Figs. 38, 39, 40. The sliver cans from the card

are arranged behind, as shown in Fig. 38. The slivers,

I, from them are passed upwards throuoh guide holes, i\

extending the length of the frame. The function of this is

to prevent the sliver being drawn into the rollers in knots,

kinks, or an otherwise entangled condition. Emerging

from here they pass over the polished convex surface of a

guide-plate, i'', to the spoon levers, J, which form a portion

of the ingenious arrangement for stopping the machine

when a sliver breaks or becomes exhausted. The opposite

end of this lever in some machines extends backward be-

neath the convex guide-plate just mentioned, and has a

pendant or tail-piece jointed to it. The whole is then

nicely balanced in the centre on a pivot, or, as in more
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recent macWnes, on a knife edge, whlcli is more sensitive,

with the inclination slightly on the side of the tail-piece.

The illustration is of a machine of the latter kind. In

actual work, the passage of the sliver through the spoon

forming the head rather more than counterbalances the

slight difference of weight in favour of the rear end of the

lever, and holds it up. When, however, it breaks or be-

comes exhausted, the latter drops, and the tail-piece falls

into a position where it arrests the oscillation of the shaft,

F, causing the lever, d, to lift from the fulcrum point, e\
into a fresh position, from which it swivels the tumbler

catch, G, into the position shown by the dotted line, which

releases the strap fork rod, and stops the frame, which

cannot be started until the sliver is pieced, or another

supplied. Leaving the spoon the sliver passes over

another guide-plate on its passage to the rollers whose
functions have already been described. Emerging from

these, it passes between a pair of calenrler rollers, which

compress it into a ribbon form, and deliver it to the

revolving head of the coiler, such as described in con-

nection with the card, by which it is neatly deposited in

the slowly revolving can. The back stop-motion is to

prevent the formation of single in the sliver ; but there is

also one in front by which waste is prevented. In ordi-

nary machines, before passing the calender rollers, the

sliver is conducted over the head of a double lever, the

rear part of which extends to the back of the machine.

This part is fitted with a movable weight, that can be set

at any desired point, which enables the lever to be easily

arranged in such a position that the passage of the sliver

over the opposite end shall elevate the weighted end.

The breakage or removal of the sliver therefrom at once

allows the latter to drop, when its extremity falls into a

like position to that of the pendent bar of the back stop-

motion, and arrests the revolution of the same shaft with

a similar effect. In the one under illustration this end is

obtained by a different arrangement, as will be obvious
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from the following brief details of its general mechanism
and operation. The first motion shaft carries the puUej,

A, bj which it is driven from the line shaft. A strap upon
the puUej, a', extends upwards, and drives the fast pulley,

k'\ upon the fluted roller. This roller carries a pinion,

which gears into and drives Ihe first of a train of wheels,

B (Fig. 40), actuating the eccentric wheel, b', to which is

attached the connecting rod, C, coupled to the lever, i), the

latter being in turn connected with the motion box, E, by

Fig. 40. Drawing frame end.

means of the stud, e', the box being keyed on the shaft, F.

One end of the tumbler catch, G, extends to and rests upon
one end of the lever, d, whilst the opposite rests in a notch

in the strap fork rod, H. When the sliver breaks at the

lever spoon, l', it falls, and acting through a connecting

bar and lever, stops the shaft, F, as in the previous case.

The drawing frame has attained its present degree of

perfection very slowly. For a long time it was impossible

to overcome the difficulties above described regarding the

occurrence of " single," though on every side numerous
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attempts were bein^ made. James SmitTi of Deanston, in

Scotland, well-known in his daj as a skilful spinner and
a successful inventor, was the first to secure a measure of

success bj the invention of the stopping arrangement
just described. It has been improved and perfected in

several details by succeeding machinists, who have now
obtained wnth it a very sensitive action. In the case of the

machine which the accompanying drawings illustrate, the

spoon levers are balanced on what is technically called

by mechanics a " knife edge," which secures a remark-
ably quick action and a prompt stoppage of the machine.

Messrs. Howard and Bullough, Accrington, have intro-

duced an electrical stop-motion, which has been success-

fully applied to the drawing, slubbing, and intermediate

roving frame. Its application to the carding engine and
the final roving frame has not been so satisfactory, and the

makers do not recommend it in these cases. Briefly stated,

the invention consists of the introduction of a small

magneto-electric machine, which is driven by a band or

belt from the shafting driving the machinery. It is very

small, and requires little power to drive it. Two rods

convey electricity from the generating machine to the

frame, to each of which certain parts of the machine are

connected ; but the circuit is not completed. The drawing
frame requires to be stopped on the breakage of the sliver

at any part, or its exhaustion, on its lapping around the

rollers, or on the can becoming full. The insertion of the

sliver between the rollers slightly elevates the top roller,

and prevents the completion of the electrical circuit.

Should breakage or exhaustion of the sliver occur, tho

slight space separating the two parts is immediately closed,

the circuit completed, and the machine stopped. In the

event of the sliver lapping around the rollers, either top or

bottom, the top roller is raised, and brought into contact

with a screw, which also completes the circuit, and stops the

machine. On the can having become full, and risk occur-

ring of the sliver running to waste, the latter is prevented
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by an arrangement which allows the accumulating slivel

to lift the tube or coiler-wheel, until it comes into contact

with a projection from the calender roller cover, which
again completes the circuit, and stops the machine. These
stoppages arc effected by the introduction of a small

magnet, arranged near a small pendent lever, whose func-

tion is similar to that of the tail-piece of the spoon-lever

stopping arrangement. This magnet does not become
operative until the completion of the electrical circuit,

when it attracts the pendent lever towards itself, which
brings the lower extremity into contact with the notched

1 evolving shaft, and through the arrangements already

described in connection with that part, stops the machine.

The introduction of this subtle agent into mechanical

industry places a new power in the hands of our ma-
chinists, which may help in the early future to solve some
difficult problems.

The varieties of cotton differ greatly in their nature,

some being harsh and intractable, yielding only slowly to

the necessities of manufacture. Others, again, are soft,

silky, and very flexible, and are easily brought into an
orderly condition. The former require the most drawing,

and even after such treatment do not often yield a solid,

strong yarn. Their intractable nature indicates the use to

which it is best they should be put, and that is for the

production of weft j^arns, or warp yarns that are to be
subjected to heavy sizing. They make a soft, spongy
yarn, not well consolidated, very suitable for weft, which is

required to give a full and substantial appearance to fabrics

technically called "cover," and which can be obtained

more easily and cheaply by the employment of a full-

looking weft than one in which the fibres are more tractable,

and the thread more nearly solid. This is a useful quality,

again, in warp yarns which are designed for heavy sizing,

as when the thread is wanting in solidity, the materials

employed for sizing can easily penetrate and fill the inter-

stices, whereby the yarn is strengthened. The nature of
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the soft and silky varieties equally correctly designates the

use to which they should be put, which is to make warp
yarns in which solidity and strength, rather than bulk, is

required ; and in wefts which are needed to be round, fine,

and strong, for fabrics which are to be light and clear in

texture, or very close and solid, such as are usually woven
with wet weft.

In this stage, therefore, the number of times the mate-
rial should be drawn and doubled depends mainly upon the

class of cotton in use, and, secondly, upon the purpose for

which it is intended. The object sought to be attained

being to draw the fibres into parallel order, any manipula-

tion beyond this is unnecessary, wasteful, and injurious—

•

wasteful, because the time, power, and supervision em-
ployed is spent to no good result, and the cost of it lost;

and injurious, because the fibre is damaged and injured

for subsequent stages. Cotton which is drawn too much
makes a weak yarn, as the fibres are strained until the

natural convolutions shown in the illustrations of the

magnified fibres are destroyed or injured to such an extent

that they will slide over, instead of interlocking with each

other, when the thread is subjected to a strain. For the

soft kinds of cotton, when intended for numbers not ex-

ceeding 32*, its passage through two heads of drawings

of eight ends each, equal to sixty-four doublings, will often

be found sufficient. If more be needed, three passages are

given of 8 x 6 X 6= 288 ; if still more be required, eight

ends are put up through each head, when the number of

doublings stand thus, 8 x 8 x 8= 512. Sometimes, though

but rarely, this number is exceeded. The number of

doublings, however, always, to a more or less extent,

depends upon the personal opinion of the spinner, which

is often afiected by incidents of individual experience.

An even temperature should if possible be preserved in

the rooms containing the drawing machinery, and espe-

cially should extremes of dampness and dryness be avoided,

as the former causes the rollers to " lick" the fibre around
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them, making a great quantity of waste, and weakening

the yarn through its loss, whilst excessive dryness of the

atmosphere, as experienced in dry hot days in summer, or

during the prevalence of dry east winds at other seasons,

ciuses the fibre to curl and fly off, owing to the friction of

the fibres over one another developing a perceptible

amount of electricity. Drawing frames should, therefore,

never be placed in damp rooms ; and ground floors, unless

well drained, and rendered quite dry, are unsuitable. The
ventilation should be arranged so that currents of air shall

not impinge upon the machinery, especially the working

parts through which the cotton is passing.

Slubbing.—This process is closely akin to the former.

There is, however, no doubling in it. It consists of the

drawing or attenuation of the sliver as delivered from the

last frame into one of much smaller dimensions, called a

slubbing. Instead of six or eight slivers, however, being

combined into one as before, only one is put up, and

which, passing through a series of three pairs of rollers,

similar to those of the drawing frame, is attenuated in any

required degree. Instead of being coiled in a can as in

the drawing frame, by means of a flyer carried on a re-

volving spindle, it is wound upon a bobbin. This is the

first machine of the series called bobbin-and-fly frames.

The machines included under this name consist of the

following : slubbing, intermediate, roving, throstle-spin-

ning, and throstle-doubling frames, which are all identical

in principle, though difi'ering considerably in detail.

The slubbing frame is generally constructed with about

sixty to eighty spindles, the latter usually being a maxi-

mum number. These are o£ a size to fit them for the re-

ception of bobbins or tubes, ten to twelve inches in height.

The winding-rail has a correspondingly extensive traverse.

In this passage, the cotton is first twisted, the sliver

having been attenuated to such an extent that its cohe-

rence without it would not, in the subsequent process, be

sufficient to pull the bobbin round when being drawn off.

M
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But as the strand of fibres has to be still further at*

teniiated, and much twist would prevent this, no more is

put in than is necessary to accomplish this purpose. Aa
this and the two following machines are much alike, and
constructed on the same principles, they may be grouped
together when a description of one will serve for all.

Intermediate or Second Slubbing.— This is in all

essential respects a repetition of the last process, though
the machine contains rather more spindles, say from eighty

to one hundred, the bobbins also being smaller, from eight

to nine in. lift, and of a proportionate diameter. The
intermediate frame is not often employed in the production

of counts below 20®, unless of a very good quality. As
the slabbing from the preceding machine has been reduced

or attenuated, as far as in this stage is desirable, two
strands of slubbing are put up, and by a draught of two
are united into one. This reduces any irregularity that

yet remains to one-half of its former dimensions, in which
state it may be regarded as practically reduced to nothing.

There is, however, another risk introduced. The slubbing

bobbins are placed in a creel at the back of the frame, and
in number are double thus of the spindles in the front. As
two slubbing strands go to form the intermediate slubbing,

it is obvious that, on the breakage or exhaustion of one,

t?ie other may continue working with the draught as

before, and yield a slubbing only half as thick as required.

In this condition it is called "single," and whenever pre-

sent to any considerable extent, constitutes a serious

defect.

Roving.—The roving frame is the succeeding frame to

the intermediate slubbing, and the process itself is the

terminal one of the preparatory stages previous to the

final one of spinning. Here the strand of cotton is re-

duced to such proportions that, under ordinary circum-

stances, it can easily be draughted in the process of spin-

ning to the required dimensions. In the case of spinning.

the finer counts, however, another frame is introduced^
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called the jack frame, hy which the roving is reduced con-

siderably further to render the work of the mule easier in

the final draughtT]
,^

As before observed, Jthe roving frame is one of the series

of bobbin-and-fly frames^ and the opportunity may be taken

of describing it as the representative machine of the series.

In its details it is smaller than either of the preceding

machines. The sizes of the spindles and bobbins are de-

creased, whilst the number are increased, ranging from 100

to 140, the lift of the bobbin being reduced to from five to

seven inches. Unlike the slubbing frame, which draws
its supply of raw material from the sliver cans, it is fitted

with a creel or frame, a, Fig. 41, for the reception of the bob-

bins frdto the slubbing or the intermediate frame, which
ever may immediately precede it. These creels contain the

tubes holding the attenuated sliver, now called slubbing.

The tubes are arranged vertically, with two rows, b &, in

a tier. They are retained in position by pegs, on which

they revolve. These pegs were formerly made from lance-

wood, but now are constructed of cheaper material, having

hardwood tips inserted at the bottom. This lessens their

cost, without diminishing their durability. On these pegs

the bobbins easily revolve, the pull necessary to cause the

delivery of the rove being so slight as not to strain it. In

the slubbing frame there are four pairs of rollers, but in

the intermediate and roving frames there are only three.

These rollers extend across the frame from c c'. The bottom

rollers are fluted, whilst the top ones are plain, and covered

with leather. The top rollers are now generally made
with loose bosses—an improvement due to the late Evan
Leigh, and one which has proved of great value. The
rollers are mounted on a beam, technically called the

roller-beam, extending the length of the frame, and fixed

between the creel and the spindles. Metallic plates, called

caps, cover the rollers, and serve to protect them from

dust, foreign substances, or accidental injury. The spindles

are arranged in two rows, one behind the other, but alter-
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Dating in position, as seen at d^ in order to economize

space, f^ach spindle is mounted with a flyer, fixed

upon the top. The slabbing, intermediate, and roving

frame-flyers are each furnished with a " pressor," or pres-

sure finger, e, which by its action compresses the material

upon the bobbins or tubes upon which it is being wound,

thereby enabling a much larger quantity to be put upon

them than would otherwise be the case. Before the appli-

cation of these, the bobbins were filled very quickly, and

the operation of *' doffing "—that is, removing the filled

bobbins, and supplying the frame with empty ones—was

necessary three or four times where once is now quite

sufficient!] Whilst this was being performed the machine

of necessity was stopped, and much valuable time lost.

This loss is now reduced fully 75 per cent., the time

gained being economized for productive purposes. A cor-

responding advantage also results in the spinning depart-

ment from the same change, the bobbins lasting four times as

long as previously before becoming exhausted, thus econo-

mizing labour, increasing the production, and improving

the quality. Formerly the bobbins had large flanged heads,

in order to retain the slubbing or rove upon the barrel

;

but these are now dispensed with, the material as it is

wound upon the tubes now being coned at both extremi-

ties. By these improvements the economy efiected in the

wear and tear of bobbins has been very large. ' The arms

of the flyer—to one of which the pressor is fitted—are

tubular ; and the pressor is interchangeable, being made
to fit both legs. As the spindles revolve at a high speed,

it will be obvious that, to prevent injurious oscillation and

great wear and tear of the spindles and bolsters, the flyer

should be nicely adjusted, and perfectly balanced in its

position, otherwise numerous evils will result. Two hori-

zontal shafts extend throughout the length of the machine,

under each of the series of plates marked//' and g g'. The
lower pair carry the bevel wheels that gear into smaller

ones upon the spindles by which the latter are driven.
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Similar gearing upon the upper shaft drives the bobbin, in

connection with a differential motion, at a slower or quicker

speed, as may be arranged, accordingly as the bobbin may
be desired to lead or follow the spindle in the rate of its

revolution. It has until recently been generally thought

desirable that the bobbin should follow and not lead or

run in advance of the flyer. Latterly, however, opinion

on this point has undergone a considerable change, and

corresponding alterations have taken place. The cause of

this is chiefly the fact that the spindles always commence
their movement before the bobbin, because of their con-

nection with the first motion or driving shaft of the ma-

chine being positive by means of gearing ; whilst the

bobbins are driven through a differential arrangement

which includes the cone pulleys and their connecting

strap, and which therefore do not start so promptly. Owing
to this fact, when the flyer leads, a slight stretching of

the rove takes place, which injures it. When the bobbin

is arranged to lead, this is avoided, as the roving is mo-
mentarily slackened, though this is immediately taken up

when the different parts have got properly at work.

The proper driving of the spindles and bobbins of a fly

frame, especially in the slubbing, intermediate and roving

frames in which the driving is required to be positive, in-

volves one of the nicest problems in mechanics. The
strand of cotton is attenuated in the slubbing frame to

such an extent as to require a slight amount of twist to

secure its cohesion. In the intermediate frame the same
thing takes place, and is again repeated in the roving

frame. But the total amount of twist put into the rove,

after its passage through the three machines, is only very

small, not often exceeding two or three turns per inch.

The exact "twist" depends upon the quality of the material

in use. The attenuation of the sliver may have been carried

from half-hank to four, five, or six-hank in the roving. It

will be obvious that when the strand of cotton has been

attenuated to this degree, and not having received more
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tlian two or three turns of twist per incli, its cohesive power

is of the smallest degree, and that the most perfect adjust-

ment of the winding process to the delivery of rove by the

front rollers is necessary in order to prevent strain or

breakage. [The rate of delivery by these rollers is con-

stant ; and the revolution of the spindles in putting in a

given quantity of twist requires to be constant also. Were
the rove, after being twisted by the spindles, delivered into

a fixed receptacle, or, say, a sliver can, there would be no

difficulty in the matter. But as for facility of handling in

vSubsequent processes, preservation from injury, and the

prevention of waste, it is necessary to wind it upon tubes

or bobbins, this introduces the complications that consti-

tute the problem referred to above. At the first glance,

this winding would appear to be equally easy of accom-

plishment with the preceding, merely requiring a propor-

tionate rate of revolution of the bobbin. But the difficulty

lies in the proportionate rate being a variable, instead of a

fixed one, for the diameter of the surface upon which the

rove is wound increases with every layer wound upon it.

This rate of increase is a calculable one, and it requires a

proportionate acceleration of the speed of the bobbin when,

as we assume, the latter follows the flyer. The solution

of this problem quite baffled the skill and ingenuity of

Arkwright, and was not satisfactorily solved until the in-

vention of the well-known differential arrangement of

Holdsworth, the principle at least of which is now univer-

sally in use to-day. The winding commences with the

bobbin at a minimum of speed, the acceleration taking place

on the completion of each Inyer, and, therefore, with each

change of movement of the traverse rail, whether commen-
cing at the bottom or top. It attains its maximum rate

with the winding-on of the last layer, when the bobbin is

filled. The speed of the bobbin is, however, a constant

quality during the winding-on of each layer. When however

the newer arrangement referred to above is adopted, and

the bobbin arranged to precede the flyer, the former com-
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niences the winding process at its maximum rate of revo-

lution, the changes that take place being a succession of

alterations each of which retards its speed.

The principle of increasing the speed of the bobbin just

outlined, and which is technically known as the " differen-

tial motion," is often a puzzle to students commencing the

study of cotton spinning and the cognate industries. It

will, therefore, be advisable to dwell somewhat longer on
the subject, in order to more fully elucidate it. Suppose
the front rollers of a roving frame deliver 600 inches per

minute of rove, which has to receive three turns of twist

per inch, the spindles will require to make 1,800 revolu-

tions per minute, to put into the rove the amount of twist

desired. It will be obvious that the rove when twisted

must be got out of the way, which is accomplished by
winding it upon the bobbin. To illustrate this, let us sup-

pose two points separated from each other, yet connected

by a line, A # '^'^ ^ b, the first, A, indicating the bobbin,

and the second, b, the spindle. It is essential to maintain

the connection, represented by the line, between them. If

it be necessary for b to move forward 1,800 inches in the

direction of the arrow, the line being inelastic, and break-

age not permissible, A must follow an equal distance, the

result being that the relationship between the two points

is unchanged. But if the line can be extended, or, to use

a nautical phrase, payed out by b to the extent of 600

inches during its movement of 1,800 inches, it will only be

necessary for A to follow a distance of 1,200 inches in order

to maintain the link. This will phow the intimate con-

nection that subsists between the bobbin and flyer, which

is not affected by the fact that their movements are circu-

lar, instead of, as here supposed, horizontal. But this by

no means exhausts the phenomena : a step further must

now be taken.

Instead of placing the two points as before, and giving

them movement in a horizontal direction, let them be put

in the position which will more nearly represent the facts
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of the case. The following figures represent plan views

of the spindle, bobbin, flyer, and rove in different positions.

In each diagram let the central point represent the spindle,

the small circle the bobbin. A, and the outer ring the circle

described by the point, B, which will stand for the foot of

the flyer, whilst the line, c, connecting the bobbin with the

flyer, will represent the rove. As in the supposition above,

if the foot of the flyer, b, makes 1,800 revolutions whilst

connected by c with a, the latter must make the same
number of revolutions to prevent the line, c, being either

broken or strained. Revolving in concentric circles around
a common axis, the greater distances travelled by the

point, b, and the point of the bobbin, a, to which the line, C,

is attached, will not affect their relationship. But taking

the second part of the above supposition, allowing b to

pay out to A 600 inches of rove during the time it is

making 1,800 revolutions, it will be obvious that the bobbin,

A, can have its speed reduced, and indeed must have it re-

duced, in order to prevent entanglement of the rove, to

such an extent as to allow B to wrap or wind the 600
inches of rove around it. The illustration up to this point

shows that the winding of the rove upon the bobbin or

tube is accomplished by the greater speed of the revolu-

tion of the flyer over that of the bobbin, and that the

amount of winding will always be represented by the diffe-

rence between their rates of revolution.

The illustrations, Figs. 42, 43, will make these points quite

clear. Let the diagram A, Fig. 42, represent the position of

bobbin and flyer at the time of starting, a being the flyer,

and h the point of the bobbin to which the rove is attached.

In the second diagram, B, it will be seen that the flyer, a,

has made one revolution, and has returned to its former

position. In order to simplify the illustration, let us

assume that the proportionate rates of revolution of the

flyer and bobbin are as three to two. It will thus be seen

that whilst the flyer has performed one complete circuit,

the bobbin has only made two-thirds of a revolution.
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which has allowed the flyer to wind the rove round one-

third of its circumference. Thus, if the bobbin be 3 inches

in circumference, it will have traversed 2 inches, while the

flyer has made a complete revolution, and has given out

1 inch of rove which has thus been wound upon the

bobbin. The diagram C shows that the flyer has com-
pleted a second revolution, the bobbin having fallen another

one-third of a revolution behind, and a second inch of rove

having been wound upon it. The next, d, illustrates the

Fij;. 42.

\^' y \^ y \^ y ^\. '' /

Diagrams explanatory of winding process.

Fig. 43.

completion of the third revolution of the flyer, and the

second of the bobbin, whilst the third inch of rove has

been added upon the latter, thereby completing the first

round of 3 inches.

In each of the foregoing diagrams the flyer is shown
after each revolution as having returned to the point from

which it started. In Fig. 43 the bobbin is dealt with in

the same manner, which enables the advance of the flyer

to be more clearly shown. In the first, A, the positions
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are as shown in the preceding diagram at starting, whilst

in B the bobbin has completed one revolution = 1^ flyer,

therefore the fljer is half a revolution in advance of the

bobbin, the rove wound up being = half the circumference

of the bobbin, or li inch. In diagram C the bobbin has

returned a second time to the point whence it started,

whilst the flyer has completed three revolutions, and has

given out 3 inches of rove, which it has wound around the

bobbin, completing its encirclement for the first time. This

process is repeated until the whole length of the bobbin

intended for the reception of rove is covered by a first

layer, the winding of one fold upon another being pre-

vented by the gradual elevation of the bobbin upon the

spindle between the legs of the flyer, which brings an

uncovered portion of the barrel opposite the eye of the

flyer. Throughout this traverse the speeds of the flyer

and the bobbin in their relation to one another have been

uniform and unchanged.

By the deposit upon the tube or bobbin of the first layer

of rove, the surface upon which the winding must now
take place has been enlarged. As the diameter of the

tube was one inch, it is now one inch plus the diameter

of the two plies of rove which a line drawn through

the middle of the tube from one outside of the layer

of rove to its opposite, would bisect. It is usual to

find the diameter of one ply of rove by carefully measuring

the diameter of a full bobbin, subtracting that of the

empty one from it, and dividing the difi'erence by the

number of layers upon it, which gives the diameter of two

plies, there being, as we have seen, two plies in the

diameter of each circuit ; this divided by two, gives the

diameter of each ply. Let us assume that the diameter of

the bobbin when empty is 1 inch, and when full 3 inches,

the difierence will be 2 inches. Suppose the full bobbin to

contain twenty-four layers of rove, this number must be

used as a divisor of the 2 inches, when the position may
be stated thus :

—
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2 -^ 24 = -0833 -=- 2 = -04166, the diameter of one ply

of rove. As the bobbin or tube, to begin with, is 1 inch

in diameter, the first layer will add -0833, the diameter of two
plies of the rove, making the result, 1 + '0833 = 1*0833, the

new diameter. The circumference of any circle being

3'1415 times its diameter, the former can always readily

be found by using this figure as a multiplier. Every suc-

cessive layer of rove, therefore, will increase the diameter

by the diameter of two plies of the rove, the same as

before, and each new diameter multiplied by 3-1415 will

give the new winding surface of the bobbin in process of

being filled. Paying regard to this principle, we shall find

the following to be the result in the case under sup-

position :

—

1 in. diameter of bobbin.

1st lajei



DRAWING, SLUBBIXG, AND EOVIXG. 173

each other upon the barrel. When the traverse is com-

pleted, the movement of the rail is reversed, and at the

same moment the speed of the bobbin is accelerated, and a

second layer is laid upon the first; the bobbin, if before

ascending, novr descending, or contrariwise. After the

second layer is completed the bobbin again turns back,

receiving at the same instant a further acceleration of

speed. This takes place at the completion of every layer.

With the increasing diameter of the bobbin a fewer

number of turns are required to take up the rove delivered.

This enables the lift or traverse to be diminished by about

the amount of one coil per traverse, and as this diminution

takes place at both ends, the effect is that the rove at the

extremities of the bobbin is built upon it in the form of

cones, the lower one of which is inverted, as will be seen

from Fig. 44, in which two bobbins are shown upon the

spindles, one being empty, and the other full. It may be
necessary to observe that the arrangement here described

of the differential motion, and its application to both the

speed of the bobbin and the lifting of the traverse rail,

necessitates the uniform filling of one " side " of bobbins at

a time, and a similar order of doffing; not permitting, as

in the flyer spinning frame, the doffing of one bobbin at a

time if it is thought desirable.

The spindles of the slubbing, the intermediate, and the

roving frame are constructed alike, and with only slight

variations in detail by the different makers. The follow-

ing Fig. 44, exhibits a detailed view. The spindles, x x,

are mounted in the frame as shown, one behind the other,

and are driven by the shafts, b b', by means of the bevelled

gearing, a^ a\ Ths flyers, a;\ are securely mounted upon
the spindle tops at x' so as to partake of their rotatory

motion. The flyer consists of a tube, x^, and two hollow
legs, x^ a;*, to which the pressure fingers, z z, are affixed at

z^. The latter turn freely on their bearings at z^, the

pressure upon the bobbin being induced by the quick
rotation of the spindle and the resistance of the air against
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the bobbin. The stubbing, after being delivered by the

rollers, is conducted into the tube of the flyer at a5^ and
comes out of it at o ; it then enters one of the tubular

legs at 2\ from which it emerges at z^, when it is coiled

several times round the pressor, z, which assists to con-

solidate it, and then passes through the hole, «^, upon the

Fig. 44. Slabbing Frame. Spindle gearing and bobbin traverse.

bobbin, y. The bobbins receive their motion from similar

shafts, G g', and gearing, e^° e", to those of the spindles. As
the two shafts driving the spindles of the front and back

row are actuated by a common driver, they necessarily re-

volve in opposite directions ; in order, therefore, to secure

the revolution of both lines of spindles in one way, one row is

placed to the left and the other to the right of the driving
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shafts. A similar arrangement prevails with regard to

the driving of the bobbins, as will be seen from Fig. 44.

These complex yet harmonious movements are produced

by some very ingenious mechanical arrangements which
now require description. The following illustrations, re-

presenting the mechanism of a roving frame in the order of

its parts, will be of assistance to a thorough comprehen-

sion of its structure and working. Being different pre-

sentations of the same mechanism, the respective parts, as

they appear in each drawing, are marked with the same
reference letters.

The driving shaft, A, Figs. 45 and 46, is usually fitted with

12 in. fast and loose pulleys. A wheel, a, upon this shaft

works into a carrier wheel, a\, which actuates another

wheel, a 2, upon, and by which, the spindle shaft, b, is driven.

This wheel gears into a similar wheel, a 3, upon the spindle

shaft, B 1, which being of the same size, both shafts revolve

at the same speed. These shafts, b, b 1, carry the bevel

gearing driving the spindles, and which has been previously

described.

The shaft, a, first mentioned, also carries a pinion, h, Fig.

45, working into a carrier wheel, h 1, which again actuates

another wheel, h 2, on the shaft, C, of the driving cone. Upon
the latter shaft there is a wheel, c, gearing into a second, c 1,

actuating the front roller shaft, d. A pinion, c 2, Fig. 47,

upon this shaft drives a wheel, c 3, on the axis of which is

a pinion, c 4, gearing into another wheel, c 5, which drives

the back roller, d 2. Upon the back roller is a pinion, c 6,

actuating a carrier wheel, c 7, driving a pinion, c 8, upon the

centre roller, d 1.

As remarked before, the arrangement of the rollers is

such that only a very small draught occurs between the

back and middle roller, nearly the whole of the latter

occurring between the middle and the front rollers. The
rollers are usually set by means of a gauge, the distance

from centre to centre of the front and back roller being

such as not to exceed, or fall short of the length of staple
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of the cotton in nse. The three bottom rollers are fluted,

and also the top back roller, but the middle and front top

rollers are covered with leather. The top rollers rest upon
the bottom ones, and are moved bj contact with the latter.

This is preserved by means of weights suspended on
hooks.

The differential driving of the bobbins jet remains to be

explained. The shaft, A, besides the wheel, a, driving the

spindles through the train of gearing as described, carries

Roving Frame. Differential driving gearing.

a second wheel. <?, which is shown broken upon the shaft, A,

in Fig. 45, and more distinctly, bat without its connected

train, in Fig. 40. The bobbins receive their motion from

this wheel, the revolutions of which are required to increase

by a constant number, as each added layer of rove enlarges

the diameter of the bobbin. This acceleration of the revo-

lution of this wheel is produced by a cone driving-motion

connected with a differential wheel-motion, commonly called

a "jack in the box " motion. The cone, t 1, is driven by a

N
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strap from the cone, t. In form, the latter is slightly con-

cave, and the former slightly convex. These cones require

to be made with great accuracy, so that the revolutions of

the shaft, e, which is driven by the cone, f, shall increase

in exact proportion, according to the space the strap is

traversed towards the largest diameter of the cone, T. The
shaft, E, at its extremity carries a bevelled pinion, cZ, gearing

into awheel, dl, of the same description upon the verticil

shaft, F. On the top of the shaft, F, there is a bevelled

pinion, d2, working into the w^heel, el. The differential

mechanism is constructed as follows : the wheel, e 3, is fixed

upon the shaft, A ; the upper and the lower wheels, marked
e 2, gearing with e 3 on one side, and e 4 on the other,

have their bearings in the body of the wheel, e 1. The
wheel, e 4, is Cfist in one piece with the wheel, e, and both

this double wheel, e, e 4, and e 1, are loose on the shaft, A.

It will be obvious from the arrangement shown in the figure

that the wheels, e2, are of necessity alike, as are also eS
and e4. If the wheel, el, is kept stationary, and e3 is

turned round once in the direction of the arrow, the wheel,

e 4, will also be turned once round through the wheels, e 2,

gearing simultaneously with the wheels, e 3 and e 4. The
movement of this wheel, however, will be in the contrary

direction to that of e 3. By this action the wheel, e, is made
to revolve at the same rate as the shaft, a, though the

direction of its revolution is reversed. If, on the contrary,

the wheel, e 3, is drawn back, and if the two wheels, e 2, are

fixed in their places so that they cannot move, then, on
turning the wheel, el, once round in the direction of the

arrow, the wheel, e 4, will also be turned once round the

teeth of one of the wheels, e 2, just engaged with e 4, acting

as a driver and turning the latter in the same direction as

el. If the wheel, e 3, be brought in gear again, and kept

stationary, but the wheels, e2, be permitted to revolve

freely round their axles, then for one revolution of the

wheel, el, in the direction of the arrow, the wheels, e2,

will roll once round e 3, and, as this is kept stationary, the
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wheels, e 2, turn round upon their axles, turning the wheel,

e 4. One revolution of the wheel, e 1, causes two revolu-

tions of the wheel, e4, in a direction opposite to that

caused by turning the wheel, eo. This shows the prin-

ciple of its action, from which it will appear that when in

work the actual number of revolutions of the wheel, e 4,

are equal to the number of revolutions of the wheel, e 3,

less the double number of revolutions of e 1.

The wheel, e, drives by two carrier wheels, e 5 and e G,

//
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round. They are required to fit loosely upon the spindle

to permit of doffing with facility.

The vertical traverse of the bobbin, as well as the accele-

ration of its speed, is obtained from the cone motion. The
vertical shaft, f, Fig. 45, near its bottom carries a pinion, /,

gearing into the bevel wheel, /I, on the shaft, gO, Figs. 45,

46, which carries the pinion,/ 3, working into/ 4, Fig. 46, on

the axle of which is the pinion, /5, driving by a carrier

wheel, /6, the wheel,/ 7, upon the shaft, H, which it turns.

On this shaft, H, are a number of pinions working into

racks having a proportionate number of teeth. The latter,

J, are fixed to the bobbin carriage, i, Fig. 44, which moves
up and down on slides. The shafts, G and G 1, Fig. 46, are

contained in this carriage, and necessarily also the bevel

gearing upon them working into the pinions, e 11, by which
the bobbins are driven. It will now be obvious that the

shafts, G, g1, and the gearing and the bobbins, ascend and

descend with the traverse of the carriage. Winding is

commenced with the strap on the extremity of the cones,

which gives the longest vertical traverse to the carriage,

and the lowest rate of revolution to the bobbin. The ex-

treme position on the opposite side, shown in Fig. 45, gives

the maximum rate of revolution to the bobbin, and the

shortest traverse to the carriage.

On the shaft, G, Fig. 45, there is a second wheel, /2, ex-

actly like /I. This shaft has a vertical motion of small

extent, the effect of which is to alternately engage the

wheels, /I, /2, with the pinion,/, which reverses the direc-

tion of revolution of the shaft, n. Fig. 46 ; thus, when the

pinion is woiking into /I, the bobbins descend, on the com-

pletion of which movement the pinion, /, begins to work
into/ 2, when the revolution of the shaft is reversed and

they begin their ascent. It will be plain that a difficulty

would be experienced in adapting geared wheels to work
together when the distances of their axis from each other

is continually changing. This has been overcome in this

case by placing the bearings of the two wheels, e 5, e 6, in
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two links, oscillating on the two shafts, A and G, in snch a

manner that when the shaft, G, is at half of its ascent, the

axis of e 5 lies vertically under the shaft, A, and when at

the bottom this axis again assumes the position shown in

Fig. 46. The axis of e 5 oscillates upon a, having its dis-

tance from G maintained uniform.

The reversing of the carriage traverse and the changes
which that implies are accomplished by the arrangements

now to be described :—M, Figs. 4-5 and 48, is a fixed pin on

Fig. 48. Traverse reversing arrangement.

which the pieces ll and lIlI, turn freely, the latter

carrying a pin, N, the range of its oscillation being limited

by the fork, n 1. The piece, l 1, has on the top a round
projection forming two lugs, ^2 pi. The levers, P and p 1,

oscillate upon fixed points, p 1 p 1, whilst their ends, jjj-),

corresponding with j9 2p 2, are connected by a spiral spring,

p 3, which presses them against l 1

.

The beam, o, is suspended by the rods, o 1, o2, both of

which pass through l 3, and terminate in hooks, o 6, o 7,

which obstruct any downward movement of the rods.
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These hooks are attached to the chains, o3, o4, which
themselves are fastened, at I, 1 1, to the piece, L.

Let the piece, L, be turned to the right, round M, and I

will rise, whilst Zl will be depressed ; o 2 will be elevated

and 3 lowered. This will cause the rod, o 2, to be pulled,

and as the hook, o 7, lies against l 1, the latter will also be

tnmed to the right. The pin, n, is thus brought against

the left side of the fork, n 1, and N is prevented from
turning any further in the same direction, so that should

the point,. 2, be raised further, that of o 3 will remain
unmoved. This further lifb takes place, the consequence

being that the beam, 0, turns upon 3, lifting o4, and
bringing an increase of tension upon the spiral spring,

1 ; 2 approaches l 1, and the point, L 3, because the latter

does not change its position, o 6 as a consequence being

lifted offL 1. Let the fork, n1, now be removed, and the

beam, o, and the spring, o 1, will return to their former

position of equilibrium, the point, 4, again becoming the

fulcrum of the beam, o. The point, o 2, however, cannot

fall, consequently o3 and o4 are lowered, o2 becoming
the fulcrum of the movement. As the point, 3, falls, the

hook, 7, turns the piece, L 1, round upon the pin, M, so that

the point, l 3, makes an upward movement. By the

sudden contraction of the spring, the last-named point is

also led to make a sudden movement in an almost vertical

direction.

The turning of the piece, L, is effected by the following

means :

—

q2, Fig. 45, is a pair of horizontal slides fixed to

the frame of the carriage, and sharing in its vertical

movement. As shown in Fig. 45, it is in the highest posi-

tion, as at the moment when the downward movement of

the carriage begins. These slide bars are adjustable, and
must be so set that in the position given here, the ver-

tical distance of the centre line from the point, M, must be

equal to half the lift of the carriage, or after making half

of its downward traverse, their centre line must lie in the

same horizontal plane with M. Its extreme position is
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therefore determined by the length of the bobbin to be

covered. Q is a bar put through two lugs on L, and rest-

ing with a pin, Q 1, between the slide bars. If Q 2 is lowered,

the piece, l, is turned round M, bj Q.

In the position of Q 2, in Fig. 45, the end, 2:', of the lever, p1,

is in contact with the corner, jj 2, and N is in contact with the

right side of the fork, n 1. The point, 3, is in its highest;

position, 2 a little above its lowest, consequently 4 is

also lifted a little, and there is a sliglit amount of tension

placed upon the spring, 1. If, now, the downward motion

of Q 2, and the turning of L round M begins, the hook, 7,

is first brought to bear against L 1, while the chain, 3, is

straightened. By this o3 is enabled to sink 2 with-

out changing its position ; 4 is lowered, and the tension

of the spring ceases in consequence of the movement of

round o2. As the turning of L continues, the rod, a 1,

and chain, 3, are pulled, whereby the hook, 6, is lifted

off L 1 ; the point, 00, cannot fall lower, therefore turns

round 3 as fulcrum, and the spring is again loaded.

This tension increases until the stud, 1 2, presses upon the

lever, p 1, and thereby disengages p and p 2. The spring

now partially contracts l 1, turns suddenly round m till

the pin, N, strikes against the left side of the fork, n 1,

and the point, L 3, suddenly moves upward. At the same
time the spring, p 3, forces the end of the lever, ?, into the

corner, p2, and the pin, n, is thereby retained in this po-

sition. The upward traverse of the bobbin carriage now
commences. In a manner similar to that just described, the

point, L 3, suddenly moves downwards after the carriage

has finished its upward traverse, and the operations

re-commence.

In L 3 a pin is fixed sliding in a slot of the bell crank

lever, R r 1, Fig. 45. This lever has its fulcrum in the pin,

r, and therefore an upward movement of L 3 produces a

movement of the rod, r2, in the direction of the arrow.

On the rod, r 2, there is firstly a fork, r3. Fig. 45, clipping

the boss of the wheel. /2, which is shown more clearly iu
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Fig. 49, coDsequently a rapid motion of the rod, R 2, in th6

direction of the arrow brings the wheels, /2, and/, into

gear. Tiie wheels,/2 and/1, being connected, /I is at the

same time disengaged. Both wheels are loose on G 0, but

the sheave, /O, is fixed on it. This sheave reaches by means
of two studs through the body of the wheel, / 1, so that in

this manner the motion of /I or ^2 is communicated to

the shaft, G 0. The direction in which the shaft, G 0, and
with it / 3 and / 8, Fig. 46, revolve, is therefore alternating.

The rod, r 2, carries a boss, u, Fig. 50, upon which are

two catches, ^t and u 1, kept together by the spring, u 2.

During the downward movement of the bobbin, the catch,

/\

u J

Fig. 49. Traverse reversing gear. Fig. 50. Cone strap ratchet.

w, is in gear with the ratchet wheel, u o , by the move-

ment of the rod, R 2, reversing the traverse to the upward
direction, the catch, u, is disengaged, and u 1 brought into

gear. On the shaft, u 1, Fig. 45, which carries this ratchet

wheel is fixed a drum, u 2, on which a cord is wound which

passes over a grooved pulley, u 8, and has a weight, u 4,

attached to its extremity. When the catch, ^i, is disen-

gaged by the movement of the rod, R 2, the shaft, u 1, is

caused to revolve by the action of the weight, and con-

tinues its movement until arrested by u 1. The catches

are so arranged that the wheel, u 3, is turned half a tooth

at each movement of the rod, r 2, and as it has twenty-

three teeth, the shaft, u 1, is turned once round for every
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forty-six reversions of the rod, R 2. The shaft, u 1, also

carries the wheel, u 4, working into the rack, u 5, which is

connected with the strap guide for the two cones. This

rack contains forty-eight teeth for each 12|- inches of its

length, so that after forty-six reversions the strap will be

found to have moved along the cones 12|- inches, or for

each reversion, ' ^^"^^^
"^ =0'269. The cone having a length

of 30 inches, _|_|_r:zlll reversions will take place, repre-

senting 111 layers of rove wound on when the strap has

finished its traverse upon the cones from one end to the

other. The shaft, u 1, carries another wheel, ii 5, with

sixteen teeth working the rack, u 6, which has sixteen teeth

in 3 1 inches, and therefore moves during forty-six rever-

sions of the shaft, r 2, 3|- inches, or for 111 layers a length

of r ri X3.6Z5 -3.747 or for one reversion s^^— 0-0788
4-6 '

_ _ . ^^
inches. Connected with this rack is the sliding pin, Q 1, to

which the rod, Q, is attached. The distance of Q 1 from m,

or the effective length of the rod, Q, is altered by the rack.

If the length of the vertical movement of Q 2 remained the

same, shortening the rod, Q, would cause the oscillation of

the piece, l, round M, to increase. But as the levers, P p 1,

do not alter their position, this quicker oscillation of the

piece, L, causes the reversion t;o take place sooner, and the

length of the vertical movement of Q 2 is reduced in the

same proportion as the length of Q diminishes. Thus it is

that the rove is wound upon the barrel in the form shown
in Fig. 44 making conical ends.

The self-acting stopping arrangement may be briefly de-

scribed at this point. Fig. 51 shows the details of its

arrangement. The rod, s4, is connected to the strap

guide for the driving pulleys. The bell crank lever, .<? 3,

s 1, ie fixed upon this rod and oscillates upon the pin, u 3,

of the pulley for the weight, u 4. This lever has a projec-

tion, s 2, at the end of the part, si. A rod, s, is con-

nected to the point, L 3, in such a manner as to share its

movements, s 5 being a spring whose function is to pre-

vent the rod, s, striking against the projection, s 2. The
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rack, u 5, carries a pin, s, which when the strap hns passed

to the end of the driving cone, presses the rod, s, against

the spring, s 5, and overcomes its resistance. When in

this position, if the rod, s, is moved upward, it comes against

the projection, s 2, elevating the lever, s 1, causing the arm,

s 3, to move the rod, s 4, in the direction of the arrow, by

which the strap, w, is moved from the fast to the loose

pulley, and stopping the machine.

In order to secure an even distribution of the wear upon

M

Fig. 51. Self-acting stopping motion. Fig. 52. Slubbing traverse

mot -on.

the rollers, a lateral traverse is imparted to the slubbing

when it enters the back rollers. Fig. 52 shows the means

by which this is accomplished. A bar, V, contains holes,

V V, each of which receives two threads from an equal num-

ber of slubbing bobbins, on their passage to the back

rollers, determining the place at which they enter the rollers.

This bar is guided horizontally by the lever, v 1, which has

its fulcrum at m, and is connected with L, sharing in the

oscillation of the latter. Near the fulcrum, m, is a stud,
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V 1, whilst a similar stud, v 3, is fixed in the bar, v. Both
of these studs slide in short slots of the lever, v 2, whilst

the latter swivels on the pin, v 2. Through this connection

the bar, v, is made to sh.ire the lateral movement of v 1,

multiplied bj the ratio of its leverage, moving horizontally

through being guided. Bj this means the slubbing is

moved to and fro between the rollers, by which the wear is

evenly distributed over a considerable portion of their

surface, thus insuring their greater durability.

The process of doffing, or removing the bobbins when
full, is performed by turning the spindles backward by

means of the wheel, w 2, on the driving shaft. The bear-

ing for the top of the driving cone is next lifted by a lever

which causes the strap to become slack. The shaft, u 1, is

is then turned backward by the wheel, u 8, which action

winds up the weight, u 4 ; the cone strap being by this

means returned to the base of the driving cone, and Q 1

brought back into its first position as shown in Fig. 1. Tlie

spindles are again filled with empty bobbins, when the

machine is ready to re-commence operations.

To make the roving finer or coarser, the draught of tlie

rollers has to be altered, which is effected by changing the

wheels, c2, and c4. Fig. 47. In proportion as the number
of teeth in these wheels are increased, the amount of slub-

bing taken in will be greater, and the rove coarser in the

hank. With a diminution the opposite efiect will result.

With lower counts, the diameter of the rove being increased,

a fewer number of coils are required to form a layer ; this

necessitates an increase of the speed of the vertical tra-

verse of the bobbiti carriage, which is obtained by chang-
ing the pinion, /r>, Fig. 40, for one having more teeth.

When a finer rove has to be made, the substitute must be
one of fewer teeth. With the production of a coarser rove,

the velocity of the revolution of the spindles, and conse-

quently, of the bobbins, must be increased, because the

diameter of the layer of rove then put upon the bobbin
being greater, its winding surface is increased, and therefore
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the rate at which it will take up the rove will be such as

to break the latter were it not counteracted by an accele-

ration of the speed in like proportion. Changing the

ratchet-wheel, u'S, for one having a fewer number of teeth,

secures this result ; correspoudiiiglj, a finer rove requires

a diminished number of revolutions of spindle, and a

ratchet wheel of more teeth.

Such are the details of the roving frame. The interme-

diate frame which precedes it in the order of arrangement
differs from it only in having its parts larger and corre-

spondingly stronger. This difference necessitates a slower

speed of the various parts, the proportion being when no
wheels have been changed as five in the intermediate frame
is to seven in the roving frame in all the revolving parts.

As the rove produced on the intermediate frame is much
thicker than that from the former, to prevent too frequent

doffing and the loss of time consequent upon it, the bobbins

are made larger, which necessitates stronger spindles and
slower speeds to prevent excessive vibration. The dia-

meter of the bobbin is increased, so that the winding on pro-

ceeds at the same rate as in the roving frame.

The slubbing frame compares with the intermediate, as

the latter with the roving frame, the parts being propor-

tionately larger and stronger. The speeds also are corre-

spondingly slower ; where the driving shaft of the former

makes 250 revolutions, that of the latter only makes 220,

the speed of the spindles being diminished in the same
proportion. Often, however, the dimensions are the same,

the differences being in these cases one of speed. The di-

mensions of the bobbins then are the same, though the

coarser slubbing requires a ratchet wheel of less teeth in

order to secure a corresponding acceleration of the spindle.

The slubbing frame is fed from cans of sliver from the

card, whilst the intermediate and the roving frame receive

their supply of material from slubbing and intermediate

frame bobbins respectively, which are contained in creels.

The foregoing illustrations of the roving frame we have
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reproduced from a small work on " The mule spinning pro-

cess, and ^he machinery employed in it," from which also

the description has been condensed, the algebraical formula

being omitted as unsuitable to a great extent for the

pres.ent treatise.
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CHAPTER YII.

Development of Spinning.

Spinning : its antiquity ; conjectural origin ; the first spindle.—
Definition of spinning.—The whorl; the distafi^.—Spinning as descrilted

by ancient historians.—The hand wheel ; its fir>t appearance in Europe
;

in India.—The Jersey, or common hand wheel ; its development irom
the spindle; the driving wheel, the wharve.— Similarity between the

European wheel and the Indian wheel ; European wheel used for wool
and cotton

;
process of spinning upon it.—The Hax wheel, or the Bruns-

wick and Saxony wheels; the flyer.—The two-handed wheel; the

traverse.—The connection between the old and the new sj^stcms of

spinning.—Cotton : antiquity of its cultivation and manufacture.—India,

the birthplace of the manufacture ; its extensive manufacture in that

country.—Sterility of Indian invention —Kay's inventions a stimulus

to further improvements.—Widespread influence of inventions in the

cotton trade.

SPINNING is one of the most ancient arts, and in its

beneficial inflaeiices, one of the most important. It

is difficult to conceive what would now be the condition of

mankind had this art not been invented. Nothing is

known of its origin, for the earliest records in which it is

mentioned, show it in the condition of advancement in

which, after it became known, it remained, without further

progress, for many centuries. Thus it may have had its

birth centuries previously to its first mention in history.

Only conjectures can be offered regarding its beginning,

and these may be either far from or near to the facts. The
same difficulty meets the investigator in connection with

the material which formed the basis of the first experiments

and earliest operations of the art. The writer, in another

place, has ventured to suggest that the first spinner was a

shepherd-boy, and the material used a few locks of wool.

Reclining under the shade of a tree whilst his flock was



DEVELOPMENT OF SPINNING. 191

feeding around him, ifc might easily happen to a plajful

youth to have his attention attracted by a small portion of

a cast fleece lying i.ear, to which he would stretch forth

his hand. Toying and amusing himself with this to relieve

the tedium of the hours, it might quite as easily happen
that he should twist its fibres together between his fingers,

and surprised at the ease with which they combined, draw
them from the mass ; this process, repeated so as to obtain

a thread exceeding the length of the original fibres, would
give the first woollen thread. Whether the importance

of his discovery vaguely dawned upon the mind of this

hypothetical shepherd-boy or not, cannot now be told

;

neither can it be known whether he carried his spinning

operations beyond the first stretch or not. But clearly a

time would come when this would be done, and as a greater

length of yarn was produced, to prevent its entanglement

would involve winding it upon a twig. Here comes into

view the beginning of the spindle ; as yet, however, not

yet used for its present purpose, or even such a purpose
divined. But this in due course would grow out of the

former. In order to prevent the unwinding of the yarn
from the twig, in the event, say, of its falling from the

hands of the spinner, the thread would be secured in a

cleft made for the purpose at one end of the twig. Now
further suppose, for there is nothing else available, that

the spinner, after laboriously twining a length of yarn,

instead of winding it upon the twig as usual, rises to his

or her feet and allows the latter to dangle from the hand
suspended by the length of yarn just spun, a new pheno-

menon occurs. The twig begins to revolve, slowly at first,

but with an increasing velocity, until suddenly, whilst the

spinner is contemplating this vagary, the thread breaks,

and the twig drops to the ground. The spinner then finds

that all the twist has been taken out of the fibres. The
rapidity with which the fibres would be untwisted com-
pared with the time it had taken the operator to twist them,
could hardly fail to be recognized. Slowly it would break
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upon his or her understanding, that if this revolving twig

could thns take twist out by a reversion of its move-
ment, it could be made to put it in. The mental sugges-

tion would be acted on, and the trial that would follow

would succeed. It can easily be imagined how that spinner

would exclaim " Eureka ! Eureka !
" that is, if Greek

happened to be one of his accomplishments, which is not

probable ; there would remain, however, its equivalent in

his mother-tongue. This would be the first spinning

spindle : that is, if our conjecture has been fortunate

enough to hit the mark. All steps between this rude dis-

covery and the perfect form of the spinning machine witli

which the world is now acquainted, consist of a series of

improvements upon the original form.

As will have already been gathered from the above,

spinning is the art of twisting together a number of fila-

ments or fibres upon their own axis in succession, and in

such a manner that a thread or line of greater length than

the single fibres of which it is composed is produced.

Spinning is thus something more than twisting, which is

the twining of two or more threads together to form one,

the length of which, however, never exceeds that of its

component parts.

The first improvement that experience would dictate,

and that at a very early time, would be the addition of a

whorl to the bottom of the spindle. This would be

suggested by the fact that a loaded spindle containing a

quantity of yarn would rotate more easily, steadily, and
continue longer than an empty one, or one not containing

much yarn. It would therefore be easy to secure the best

action by weighting its extremity with a piece of clay,

wood, stone, or metal. This developed into the fixed

whorl in process of time, and after many centuries, became
the basis of another great step in advance. Concurrently

with the invention of the whorl would be that of the distafi"

:

this was simply a short stafi" on one end of which the raw
material was placed, whilst the other was held under the
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arm, thus leaving the hands at liberty, one to draw the

material, and the other to manage the spindle.

With the invention of the whorl, and the introduction

of the distaff, the inventive faculty seemed to have reached

the limit of its power, as no further improvement appears

to have been made until the hand wheel was invented.

Herodotus, Ovid, and Catullus, classic historians, all

refer to, and at more or less length describe, the process of

Fig. 53. Greek Women spinning

spinning as existing in the times in which they wrote.

The following is the substance of their descriptions :

—

"The spindle was a stick, ten or twelve inches long,

having at the top a slit or catch in which the thread was

fixed, so that the weight of the spindle might continually

carry down the thread as it was formed. Its lower extre-

mity was inserted into a small wheel called the whorl

(vorticelhim), made of wood, stone, or metal, the use of
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which was to keep the spindle more steady, and to promote
its rotation ; for the spinner, who was commonly a female,

every now and then twirled the spindle with her right

hand, so as to twist the thread still more completely ; and

whenever by its continual prolongation it let down the

spindle to the ground, she took it out of the slit, wound it

upon the spindle, and having replaced it in the slit, drew

out and twisted another length." ^ The preceding illustra-

tion. Fig. 53, which is a representation of ancient distaff

Fig. 54. Indian Girl spinning.

spinsters, admirably illustrates these remarks. Let the

reader note the vertical position of the spindle when in

operation.

At what time the hand spinning wheel, which is a great

improvement upon the distaflP and spindle, was invented,

does not appear ; but from the absence of all reference to

it in any records entitled to be regarded as ancient, it is

fair to infer that it is comparatively a modern invention.

' Smith's " Dictionary of Greek and Koman Antiquities," art.

" Pusum."
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The probabilities are that it made its appearance in Europe

towards the close of the fifteenth or early in the sixteenth

century. The illustration, Fig. 54, which exhibits the

rude wheel of the natives of India, may be the progenitor

of the common wheel of Europe, as intercourse between

Fig. 55. Single thread spinning.

the East and the West began to increase considerably

about the timo of the appearance of the hand wheel

in Europe. It is desirable to point out that this par-

ticular illustration, which has appeared in many works

treating of this subject, is erroneous, probably owing to an
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imperfect comprehension of the matter on the part of the

first artist who sketched it, maybe from description, and

whose error has been copied by those who have repro-

duced it. A thread never was and never could be spun

by such an arrangement as figured here. The spindle

ought to be placed with its axis parallel to the axis of the

driving wheel, and not as here, at right angles. The cor-

rect arrangement of this part is shown in Fig. 55, repre-

senting the Jersey, or common spinning-wheel of Europe.

Whatever may have been the period at or the country

in which the hand spinning wheel was invented, is not

now of much moment to discover. The internal evidence

of its parentage, however, showing it to be an outgrowth

of the older spindle, is very strong. The spindle of the

distaff spinner in coming to the ground, when a length of

yarn had been spun, would often, after falling into a hori-

zontal position, turn upon the whorl, thus showing a form

of revolution in a strange position. Ultimately, after this

had occurred, perhaps hundreds of thousands of times, it

might suggest the thought to some operator that, by fixing

the spindle in a horizontal position, and using the whorl as

an arrangement of levers, a continuous revolution of the

spindle could be maintained. How to apply the motive

power would be the next question that would suggest

itself. For a time, probably, the whorl would be beaten

round by the hand. The invention of the driving wheel

and the transmission therefrom of power by means of a

band would next follow ; and the discovery of a method of

securing an increase of velocity when a small wheel was
driven from a large one, would, in that early time, be as

great a feat as Arkwright's discovery, at a later date, of

the system of drawing by rollers. It is thus probably

that the whorl of the old spindle became the wharve or

small grooved pulley of the new or horizontal spindle of

the hand wheel. It is almost a pity that history has not

preserved the name of this inventor.

The general similarity of the European hand wheel to
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the primitive wheel of India will be obvious when com-
parison is made between the two illustrations, Figs. 54,

55, care being taken to allow for the error in the former,

as previously pointed out. The wheel represented in Fig.

55 was used for spinning wool, and subsequently cotton,

until the invention of Hargreaves superseded it. In the

drawing the hand cards by which the wool and cotton was
prepared, are shown at A. After the material had been

carded, it was spun into a thick, soft rove, having very

little twist in it, such as is seen at B. This rove was then

further drawn, in the next process, to the requisite dimen-

sions to form yarn, fully twisted and wound upon the

spindle, which generally contained a spool or pirn bobbin.

This wheel was an intermittent spinning wheel, spinning a

" draw " or " stretch," so called, probably, from its being the

length obtainable by the outstretching of the spinster's arm.

In 1533 the flax spinning wheel was invented, it is said

by a citizen of Brunswick, and for its particular purpose

was an improvement upon the preceding. It was worked
by means of a treadle, by the foot of the spinster operating

a crank turning the driving wheel. In a comparatively

short time afterwards this was superseded by a still more
perfect machine called the Saxony wheel, also for spinning

flax. This wheel is remarkable as being the first in which

the flyer was introduced, and a diff*erential driving for the

bobbin. Further, it was also a continuous spinning wheel

as distinguished from the intermittent wheel just described.

Owing to the nature of the fibres, the system of spinning

by the distaff* and spindle held its ground firmly against

both forms of the spinning wheel in both the woollen and

linen trades, until towards the latter half of the seven-

teenth century, when the superior merits of the wheels

began to be generally acknowledged. The intermittent

spinning wheel was taken for woollen and cotton, whilst

the Saxony wheel was widely adopted for spinning flax.

This wheel was extensively used for flax spinning in Scot-

land even up to 1830, if not later. About the time that
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Hargreaves invented his jenny, it was further improved bj

the addition of a second spindle, transforming it into

what was called a " two-handed wheel," by which an

expert spinster coald spin two threads at once.

Describing this wheel, Mr. A. J. Warden, author of

*' The Linen Trade, Ancient and Modern," says :
—" The

frame of the machine stood on three feet, on the right of

which, facing the spinner, was a spoked wheel about two

feet in diameter, with the rim slightly hollowed outside.

Rapid motion was given to the wheel by a wooden rod or

crank, connecting the axle of the wheel to the treadle or

footboard, and moved at will by the foot of the operator,

much in the same way as a foot-turning lathe is moved.

On the left were two pirns or spindles, one for each hand,

for receiving the yarn as it was spun, driven by means of

bands of gut, or cords of flax or woollen yarn, highly

twisted, passing round the rim of the wheel and their

axles. Each pirn or spindle had a flyer for twisting and

guiding the thread before it was wound upon the bobbin,

which was a hollow reed slipped over the axle and fitting

rather closely to it. The fly went round with great

rapidity, whilst the bobbin, being kept back by the strain

of the thread turned round upon the axle, only as fast as

it was let out by the spinner. This depended on the

degree of twist intended to be given to the thread, and the

expertness of the spinner. The rock or distafi" with the

flax wound round it in the manner best adapted for admit-

ting of the filaments being readily drawn out by the spinner,

was placed above the pirns, and both hands were employed

in drawing out the fibres and forming the threads. The
threads, after being carried through a throttle or opening

in the end of the spindle, were from time to time shifted

along the flyer by means of small pieces of bent wire

attached to it for the purpose of filling the bobbin regu-

larly with the yarn as it was spun. During the operation,

the spinner moistened the threads regularly with saliva,

the better to unite the fibres and improve the appearance
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of the yarn." The same writer says that "the last im-

provement on the Saxony or flax wheel was the applica-

tion of Arkwright's principle by rendering the flyer auto-

matic in spreading the yarn on the bobbin, which saved

the time necessary in moving the thread from one of the

small bent wires on the flyer, to another, and at the same
time performed the operation more equally."

The above brief sketch of the early history of spinning

is introduced to show the connection of the modern system

with its predecessor ; in fact to show the continuity and

essential oneness of the two systems, notwithstanding their

apparent radical difierences. They stand in relationship

to each other as the child to the man. Though the outline

of the sketch is to a considerable extent conjectural, it will

fall sufficiently near the facts as, in the main, not to trans-

gress the probabilities of the case. This course has been

adopted and will be carried through the remaining portion

of this essay, because it is believed that an exposition of

the growth of the system, showing the defects successively

encountered and the means adopted for their removal,

will greatly help the reader to comprehend the purpose

and functions of each machine and its several parts. To a

student approaching the subject for the first time, the innu-

merable parts, and the complexity of their movements,

present an almost incomprehensible and insoluble problem

to his mind. Beginning the study, however, with the

simplest manifestation of the art, and tracing it upwards
to its highest or present development, its difficulties to a

large extent disappear ; the reason of every change is

rendered apparent, and the functions of the added parts

made clear ; thus showing, when the termination of the

investigation is reached, a beautifully ordered system whose
complex movements constitute one harmonious whole,

that must command the highest admiration from any mind
capable of appreciating a display of the results of mechanical

skill and genius, such as the world in its history cannot

elsewhere display.
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CHAPTER YIIL

The Modern System of Spinning.

Commencement of the modern system.—Quality of hand-spun yarn.

—

Kay's inventions, the first impulse to improvement.—Scarcity of yarns.

—Hargreaves' jenny.—Description of the jenny; its operation.—The
single-thread hand-spinning wheel Hargreaves' model.—The Saxony
Avheel probably unknovv^n to him.—Description of the Saxony wheel,

single and two-thread.—Extensive adoption of Hargreaves' invention.

—

Richard Arkwright ; the barber's shop a good school ; itinerant hair-

dealing ; the Saxony wheel the model of Arkwright's invention.—Ark-
wright's claims as an inventor disputed.—Arkwright's labours; his

assistants.—Description of his invention.—Comparison between the

jenny and the water frame.—Paul and Wyatt's labours suggestive to

Arkwright.—Arkwright not the inventor of the flyer ; his adoption of

Coniah Wood's traverse ; the principle of the water frame adaptable to

roving, slubbing, and drawing.—The progress of invention.—Haley.

—

Samuel Crompton.—His combination of Hargreaves' and Arkwright's
inventions, and improvements upon them.—The jenny adapted for a
slubbing frame; description.—Improvement of the roving frames.

—

Baker's inventions.—Hargreaves of Tottington.—Kelly's application of

water power to the mule.—Wright's improvement ; the squaring band.
—Steam power.—Kennedy's improvement in fine spinning mules.

—

Transfer of spinning from females to males.—Manual requirements of

the mule.— Eaton's copping motion.—The self-actor mule.—Its require-

ments,—The counter taller.—Differential motion of the spindles.—The
self-acting mule a mechanical triumph.—Its qualities.—Roberts' genius.

THE modern or meclianical system of spinning properly

commences with the invention of the jenny by James
Hargreaves of Blackburn. The distaff and spindle had
long been superseded by the hand or Jersey wheel, which
had been brought to this country from the continent.

Hand spinning attained its perfection with this wheel, as

though an improvement upon it was invented by which
two threads could be spun at one time, this was not ex-

tensively adopted, except in the flax-spinning districts,

probably because it required the exercise of a greater
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degree of skill and expertness than most of the spinners of

the day could acquire, and possibly more difficulty also

was experienced in dealing with cotton than the larger

fibres of flax and wool. The single thread wheel in its

simplest form had long been in use for spinning wool and

flax, when the introduction of Indian muslins and other

cotton fabrics to Western Europe, and the quick popu-

larity these attained, suggested its adaptation to cotton

spinning for the manufacture of imitations of the Indian

cloths. It was soon, however, discovered that the new
fibre was so radically difierent from those already in use that

any hopes of success that might have been entertained of

making warp yarns of cotton were quickly abandoned.

Experiments, however, showed that a thread could be spun

that would ser^e for weft, or filling, for warps of flax.

The nnion fabrics thus produced were very good imitations

of calicos, the heavier classes of Indian fabrics, so named
from the district of Calicut, from which they were, brought.

The linen warp made the imitations actually more durable,

and gave them a hold upon public favour which they re-

tained until the progress of invention led the way to greater

successes, and the ultimate defeat of the Indian spinners

and weavers upon their own fields.

The hand spinners acquired a considerable degree of

skill in spinning cotton wefts, making a round, solid, and
even thread—regard being had in making this statement to

the simple appliances used in the production. As might

be expected, however, all degrees of excellence were found

amongst them. The means by which these good results

were secured has not often been noted by writers upon the

subject. This was the passage of the yarn being spun

between the surfaces of the finger and thumb of the

spinner, by which the fibres as they were being twisted

were consolidated by the slight pressure to which they

were subjected, whilst the surface of the thread was ren-

dered smooth by the extremities of the fibres being forced

down upon the surface of, or into the body of the thread.
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It has often been pointed out that the invention of the

picking stick, and the addition of shuttle boxes to the lathe

of the hand loom, bj Kay of Burj, not only dispensed

with one weaver in the production of wide cloths, but also

enabled every single weaver to more than double his pro-

duction of work immediately. The effect was such as

might easily have been anticipated. The industry was to

a great extent disorganized ; and spinning, from being a

branch subordinate in importance to that of weaving, be-

came the best paid division of the trade. The scarcity of

weft everywhere experienced gave a great stimulus to in-

vention in connection with spinning ; but for a long time

very little success attended the efforts made to effect im-

provements.

The extending commerce, the growing wealth, and the

increasing population of the country during the eighteenth

century prevented any readjustment of the relations of the

spinning to the weaving branch, or return to the former

conditions of equilibrium. Weavers were unemployed a

great part of every day, the time being spent in wandering

over the country seeking weft amongst the spinners

;

whilst the latter, though there was a considerable increase

in their numbers, owing to the comparatively large sums
they were enabled to earn, scarcely cared to work more
than half their time. It was in this state of the trade

that Hargreaves' invention appeared, promising relief

from the most pressing difficulty of the trade. The story

of the persecution encountered by this genius in humble
life, whose inventions entitle him to be regarded as one of

the greatest benefactors of mankind that ever lived, do

not properly come within our cognizance in this place ; but

a brief description of his jenny will be useful to the

inquirer, not only because of its being the first departure

of importance from the single thread wheel, but because it

will show its intimate relationship to the system which it

superseded, and also the close adherence of successive

inventors to the type of the machine he constructed.
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The illustration (Fig. 56) shows the jenny in probably

the most perfect form it attained before it was superseded

in its tnrn by Crompton's mule. As represented, it con-

tains several improvements not of Hargraves' invention.

The mechanism is contained within the oblong frame, a.
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and is exceedingly simple, consisting of the large grooved

driving wheel, B, turned by the handle upon its axle, from
which power is transmitted by the rope or band, 1, to the

tin cylinder, 2, extending horizontally across the frame.

From this cylinder endless bands are passed round the

wharves upon the spindles, 3, arranged in vertical order

at the extremity of the frame, A. A creel, 4, to contain

the rove, was fixed inside the frame at such an angle of

inclination as to deliver the material with facility to the

carriage, according to requirement. This carriage was
composed of two cross rails, one placed beneath the other,

and resting npon the blocks, cc. These were mounted
npon two wheels each, which ran upon rails fixed upon the

tops of the parallel sides of the frame. This arrangement
allowed the carriage a horizontal traverse from the tips of

the spindles, of five, six, or seven feet, according to the size

of the frame. The upper of the two cross rails, 16, forming

the body of the carriage, had its under side grooved in

the direction of its width for the reception of the plies of

rove. The lower piece had corresponding projections upon
its upper surface, which fit into the grooves just men-
tioned, and prevented any further delivery of rove after

the quantity requisite for a " draw," or one traverse of the

carriage had been given out. Small cords attached to a

handle placed upon the middle of the upper surface of the

top piece, and underneath the arched bar which extends

across it, thence passing over sunk pulleys, connected the

upper and the lower bars. Pressure upon this handle

from the left hand of the spinner raised the lower rail into

the position to retain the rove, whilst a spring catch held

it there until it was released to deliver more. At the

rear of the frame, and over the tops of the spindles, was a

horizontal rail, which had its pivots in the frame on which
it was arranged to turn. It had a flange at each side, one

of which, 11, was grooved, thereby forming a pulley.

Into these flanges a wire, 12, was fixed, at a short dis-

tance from the edge, which extended from side to side.
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This was the original of the present faller wire, whose
function is to guide the threads upon the spindle, and to

build them into the form of a cop. It was operated bj
means of the cord, 7, which extended from the front of the

frame over the pulley.

The jenny was worked by one person, who took up his

position in front of the frame. The rovings were then

drawn between the "clove " or clasp bars of the carriage,

and attached to the spindles, the carriage having first been

placed in position for commencing work that was at the

end of its traverse, nearest the spindles. The bottom bar

having been lowered, the carriage was drawn away from

its position, until a proper quantity of rove to form one
*' draw," or length of yarn, had been given out, which was
regulated by a mark upon the side of the frame. The
lower bar was then raised, the rove held, and the spindles

set in motion by the spinner turning the wheel, B, at the

same time commencing to draw the carriage further out

from its position near the spindles. Thus the attenuation

and twisting of the rove went on simultaneously, until the

requisite degree of fineness was attained, when the outward
traverse of the carriage was stopped, the spindles being

kept in operation for a short time longer, in order to im-

part sufficient twist to the thread. In the yarns intended

for warps this was much more than for wefts, in which the

same degree of strength was not required. When this

twining had been completed, the carriage was slightly

backed, the guide or faller wire, 12, was gently brought

down upon the threads, by means of the cord, 7, depressing

them to the required level ; the wheel, b, was then turned

slowly round, causing the spindles to wind up the thread

as the carriage returned to its first position. This com-
pleted the first series of operations, and by their repetition

the cops were formed.

It will be obvious from this description that Hargreaves
followed the operations of his model, the hand spinner

upon the single thread wheel, as literally as possible, whilst
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substituting a meclianical for the manual process. The
spindles were fixed in a frame, were turned by a large

hand wheel, and the rove attenuated by the draught of the

retiring carriage, the equivalent of the hand of the spinner.

The winding was equally an imitation, the returning car-

riage bringing in the spun threads in a manner analogous

to the movement of the spinner's hand. These remarks

are by no means intended to be depreciatory; on the con-

trary, they are really laudatory. This illiterate peasant,

living on the moorlands in the neighbourhood of Black-

burn, in a time anterior to railways, or even good roads,

and when almost the only means of communication between

one district and another was by saddle and pack-horses,

and when newspapers were a development of civilization

yet in the future, could have few facilities for acquiring

mechanical or any other kind of knowledge. The un-

eventful tenour of the lives led by the peasantry in these

districts would rarely be suggestive of original thought or

enterprise. That Hargreaves should in these circum-

stances have succeeded in solving a problem which had

hardly even been suggested before, is highly creditable to

him, and stamps hira as a man of genius of a very high

order. Though the jenny was his chief work, as has been

intimated previously, it was not his only achievement in

improving the rude machinery employed in the manufac-

turing processes of his day. By some writers Hargreaves'

arrangement of the spindles in a vertical position is re-

garded as perhaps the greatest part of his invention. It

cannot, however, be fairly regarded in this light, as this

disposition of the spindle is simply an unconscious rever-

sion to the position of the spindle in its earliest form, as

shown in Fig. 63.

It is probable that the single thread spinning wheel was

the only one familiar to Hargreaves. Had he been prac-

tically acquainted with the domestic flax wheel, otherwise

called the Saxony or Leipsic wheel, in which great improve-

ments over the single thread wheel in common use had
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teen effected, it is more than probable that he would have

made that the basis of his efforts. In the flax wheel,

by the introduction of a bobbin and flyer (Fig. 67),

the twisting of tho thread and its winding on the bobbin

proceeded simultaneously and continuously, instead of in-

termittently, as in the common wheel, and Hargreaves'

development of it, the jenny.

The driving wheel of the Saxony spinning frame was
worked by a pedal or foot-lever, with connecting rod and

crank, and was grooved for the reception of two endless

bands, one of which drove the spindle, and the other the

bobbin. The following (Fig. 57) shows that the bobbin and

Fig. 57. Spindle, flyer, and bobbin.

flyer of this machine was almost identical with that now
in use in the best frames of to-day. The spindle, a h,

carries a large wharve, p, on its lower part, and on its top

or extremity the flyer, g hf, is mounted. Flyer and spindle,

of course, move at one velocity. The bobbin, h, has its

lower flange grooved, forming the wharve, q, by which it

is driven. This wharve, q, being of less diameter than the

wharve, j9, upon the spindle, the bobbin revolves at a

higher speed. The flyer was tubular at the end, h, the

tube terminating in a small orifice at ^, which permitted

the thread to emerge, and be thence carried over a tooth

of the heck of the flyer, of which the leg, g, was composed.

In operation the pedal was acted on by the foot rotating
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the driving wheel, the bands from which transmitted the
motion to both spindle and bobbin, the former making-
about six revolutions to the latter's eight, both these result-

ing from one revolution of the driving wheel. The rove was
fed to the revolving spindle at 6 by the spinner, from the

rock or distaff, whilst it was twisted as fast as it left her
hands, entering the tube at &, emerging again at i, whence
it was conducted around one tooth of the heck at h^ thence

over another at ^, after which it passed upon the barrel of

the bobbin at li. It will be seen that there was no
arrangement for traversing the bobbin upon the spindle,

by which a succession of even layers could be put upon the

bobbin. The traverse motion was not yet invented, con-

sequently when a given amount had been wound upon the

barrel at 7i, the thread was moved over another tootb of

the heck, thereby filling another portion. Sometimes this

frame had two spindles, by which an expert spinner was
enabled to spin two threads at a time, as both her hands

were left at liberty to draw the rove from the distaff. The
spindles were arranged horizontally, as in the common
wheel. This wheel may yet be seen in many country dis-

tricts of Wales, Scotland, and Ireland, and sometimes,

though rarely, in England. In all these places it is now
mostly used for spinning wool for hosiery purposes and

domestic use.

After the first fever of excitement resulting from the

invention of Hargreaves' jenny had subsided, it was
quickly adopted, as it was found that one person could

spin as much as ten, fifteen, or even twenty persons using

the old method. But even this amount was not suflScient

to meet requirements—the yarn obtained from the jenny

only formed indifferent warp yarn, though serving very

well for weft. There was consequently room for the in-

vention of a machine capable of spinning a strong, solid

cotton warp yarn. This was the chief requirement now
needing to be satisfied to enable the English spinners,

weavers, and merchants to successfully compete with the



THE MODERN SYSTEM OP SPINNING. 209

cotton productions of India, which were being introduced

into this country in large quantities by the East India Com-
pany. Such was the state of matters when the attention

of Richard Arkwright, the Preston barber, was directed to

the subject then occupying almost all men's minds, namely,

the improvement of spinning and weaving machinery.

Arkwright's business of a barber was highly favourable

to his success in the new pursuits in which he was about

to engage, and was even probably the cause of his turning

his attention to them. In his day a barber's shop was a

reservoir of news, and from which also intelligence of every

new event was disseminated throughout the district.

Here he could not fail to learn of the invention of the

Blackburn weaver, and the excitement it had produced, as

the locality in which it had occurred was only ten or

twelve miles away. But the barber's shop was also a

capital school in which to study human nature ; and here,

doubtless, was developed that extraordinary shrewdness

which served him so well in after life, and enabled him to

amass a colossal fortune where his contemporaries, from

equally great, if not greater inventions, reaped only disap-

pointment, vexatioD, and misery. The then prevalent

fashion of wearing wigs gave Arkwright an opportunity of

enlarging the sphere of his observations and increasing his

knowledge. As he was a wigmaker and a dealer in human
hair, he occasionally travelled over Lancashire and the

adjoining counties, purchasing the raw material for this

branch of his business. This gave him some experience

of buying and selling,—in fact, gave him what Hargreaves

and Crompton entirely lacked, a commercial training

which was another prominent factor in contributing to his

subsequent success. His birth and residence at Preston,

then a centre of the linen manufacture, during the early

years of his life, doubtless afforded him an opportunity

of becoming acquainted with the Saxony spinning wheel,

which he would be shrewd enough to see afforded a

much better basis on which to commence operations for

P
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improvement and invention than the one selected by

Hargreaves. In the first place it was a continuous

spinning wheel, not having to stop to wind up the spun

lengths of yarn. In the second the thread it produced

was rounder, firmer, and the fibres composing it more con-

solidated than could be obtained either from the common
hand wheel or Hargreaves' jenny. This was owing to the

thread being passed through the tube and around the heck
wires of the flyer, which greatly helped to make the thread

both dense and smooth: the very qualities that were
wanted in warp yarns. He could hardly fail to see these

advantageous points, and make his decision accordingly.

Thus we arrive at the sources of the two principal types

of modern spinning machines : intermittent, represented by

the mule, which has its origin in the common hand wheel

;

and the continuous spinning frame as now existing in the

throstle and the ring frame, whose progenitor is the Saxony

or hand flax wheel.

ArkWright's claims as an inventor have been strongly

disputed, it being alleged against him that he purloined and

utilized the ideas of better men than himself, and un-

doubtedly the evidence strongly favours that view of the

case. It is well known that he employed several people

to aid him in his investigations, and whether the inventions

which he ultimately secured and reaped the profits of were

the outcome of his own or his employes' ingenuity cannotnow
be known. Certain, however, it is that the results achieved

were obtained under his guidance and at his expense.

It is not probable that Arkwright was engaged upon his

celebrated spinning machine more than two years before he

had, with the aid he employed, so far perfected it as to

secure a patent for it in 1769. This would show that the

tumults and excitement springing out of Hargreaves' in-

vention were the exciting cause of his thoughts being

turned to the subject. King, the watchmaker, made for

him his first rude model in 1767. Hargreaves had in-

vented his jenny in 1764, and the tumult and rioting, com-
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menced in 1767, continuing for some time, causing him to

leave the county in 1768. Arkwright, afraid of meeting
with the same sort of treatment, followed Hargreaves to

Nottingham, aloug with a friend who, for some time, had

been aiding him with capital. This friend was John
Smallej of Preston, who advanced nearly all the money
required for the experiments, until his means becoming ex-

hausted it became necessary to obtain other aid. Smalley,

after leaving Arkwright in 1775, started a cotton mill at

Holywell in North Wales. At Nottingham, in a small

factory in Woolpack Lane, with the help of Messrs. Need
and Strutt, who afterwards became his partners, Arkwright
so far perfected his device as to obtain a patent for it at the

date mentioned above. The machine thus protected was
the parent of the second type of our spinning machines,

namely, the modern throstle and ring spinning frames.

As such it is deserving of detailed notice.

The following Fig. 58 is from Arkwright's specifi-

cation of 1769, and probably represents the machine in the

condition to which he had brought it up to that date. It was
constructed to be turned by horse power. The description is

also from the specification. " A is the cog wheel and shaft,

which receive their motion from a horse, b, the drum or

wheel which turns, c, a belt of leather, and gives motion to

the whole machine, d, a lead weight which keeps, F, the

small drum, steady to, E, the forcing wheel. G, the shaft

of wood which gives motion to the wheel, H, and continues

it to, I, four pairs of rollers (the forms of which are drawn
in the margin), which act by tooth and pinion made of

brass and steel nuts fixed in two iron plates, K. That part

of the roller which the cotton runs through is covered

with wood, the top roller with leather, and the bottom one

fluted, which lets the cotton, &c., through it ; by one pair

of rollers moving quicker than the other, draws it finer for

twisting, which is performed by the spindles, t. k, the two
iron plates described above, l, four large bobbins with

cotton rovings, are conducted between rollers at the back.
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M, the four threads carried to the bobbins and spindles by
four small wires fixed across the frame in the slip of wood,
V. N, iron levers with small lead weights hanging to the

rollers by pulleys, which keep the rollers close to each other.

0, a cross piece of wood to which the levers are fixed, p,

the bobbins and spindles, q, flyers made of wood with
small wires on the sides, which lead the thread to the

Fig. 58. Arkwright's Spinning Frame.

bobbins, r, small worsted bands put about the whirl of

the bobbins, the screwing of which tight or easy causes the

bobbins to wind up the thread faster or slower, s, the four

whirls of the spindles. T, the four spindles, which run in

iron plates, t, explained in letter m. w, a wooden frame

of the whole machine." Such is the great inventor's de-

scription and illustration of his spinning machine ; it is not

very lucid, and a further description may be permitted.
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Fig. 59 is a section of the machine when it had pro-

bably been further improved. The four pairs of rollers,

A, A, by which the sliver was drawn or attenuated, were
composed of brass and steel, and connected by small

pinions : the bottom ones were covered with wood and

Fig. 59. Arkwright's Spinning Frame. Section.

Suted, and the top ones were covered with leather, as is

the custom at the present day. The upper rollers were
kept in contact with the lower ones by means of the

weighted cords and pulleys, b, b. As the sliver was de-

livered from the rollers it was twisted into a thread by
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the flyer, c, upon the spindle, and wound upon the bobbin, d.

The bobbin was fitted loosely upon the spindle, and its

revolution retarded by a friction band working upon the

bottom flange, F, and which was brought to the requisite

state of tension by a screw pin to which the end was
attached. This also caused the yarn to be wound upon
the bobbin tightly. One leg of the flyer, c, had pins in-

serted in it to guide the yarn upon the barrel, this being

in fact the actual method employed in the flnx wheel, as

already seen. The yarn was thus wound upon the bobbin
in successive stages, the bobbin being stopped to efi'ect the

transfer of the thread from one position to the other.

A few words of comment and comparison between this

machine and that of Hargreaves may be permitted. In

the first place allowances must be made for the crude-

ness of the drawing, which does not do justice to the

invention, and which incidentally shows what has since

been called mechanical drawing in a very early stage of

its development. Hargreaves found the spindle in the

hand wheel arranged in a horizontal position, as shown
in both forms of that machine. One of the great merits

and distinctions of his invention is that he changed this

to a vertical position. Arkwright, who followed him,

clearly borrowed and adopted this arrangement in his

frame. Hargreaves in attenuating the rove adhered to the

principle employed in hand spinning ; namely, drawing it

by the recession of the carriage from the spindles. Whether
he had ever or not heard of the attempts of Paul and
Wyatt to accomplish this by means of rollers does not

appear, but undoubtedly Arkwright had obtained a know-
ledge of it, and must, at the same time, have learned of its

failure. What led the latter to renew the attempt cannot
now be known, but he appears to have pressed the matter

upon the attention of the mechanics he employed, and it is

probably owing to his persistence that success was ulti-

mately achieved. It is not clear whether he himself solved

the problem, or owed it to his assistants, or whether it was
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the result of their joint efforts. This, however, is now a

matter of no importance, the world having secured the

benefit of the realized idea, which is one of the greatest in-

ventions of the age; and though it had been previously sug-

gested, it was first practically embodied in Arkwright's

spinning frame. The presumption, therefore, is almost

entirely in his favour, and for his solution of the problem

the world can hardly award him too much honour.

Roller drawing is the distinctive feature of his machine,

and this has since been introduced into every other form of

cotton spinning frames, and into many of those for dealing

with other fibres. The rove in both thenew forms of spinning

machines was arranged in creels, Hargreaves' being placed

inside the frame and Arkwright's superimposed upon it.

In winding the spun yarn upon the spindle, Hargreaves

adopted a guide wire, the parent of the modern faller, and

the equivalent of the guiding fingers of the hand spinner

;

practically a multiple of them. Arkwright again utilized

the best and most advanced form of achieving the same
end, which he found existing in the differential speeds of

the bobbin and flyer of the Saxony wheel. Arkwright has

sometimes been credited with the invention of the flyer,

but this is a mistake, it having been invented long before

his birth. There exists in the library of the English.

Patent Office a small work written by Thomas Firmin, on
*' The Employment of the Poor," the frontispiece to which

is a figure of a girl at a spinning wheel, the spindle of which

carries a flyer, one leg of which forms a heck composed of

guide pins for directing the thread upon the bobbin. When
the mill at Cromford was started, the spinning frames

Arkwright put into that place showed a great advance

upon those first constructed, the winding being accom-

plished by the drag or frictional retardation of the bobbin,

which was not driven by a band as in the Saxony wheel,

but left to be drawn round by the yarn. The winding

was also improved, the heck upon the flyer having been

dispensed with, and a traverse rail introduced which
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carried the bobbins up and down upon the spindles within

the arms of the flyers, which thus automatically depo-

sited the yarn in even layers upon the bobbins. Coniah

Wood, who patented a spinning frame in 1772, was the

first to introduce the traverse rail for the winding, and to

dispense with the heck upon the flyer. Arkwright, whom
Wood had for a considerable time assisted in his pursuits, as

usual with him, quickly adopted this idea, adding an impor-

tant improvement in a heart-shaped cam which rendered its

action automatic, which it was not in Wood's invention.

Hargreaves' jenny, even after its combination with the

water frame of Arkwright in the mule by Samuel Crompton,

in which it has been brought to the most wonderful degree

of perfection, has remained essentially what it was in its

original form, a spinning frame, with the insignificant ex-

ceptions of the slubbing " billies " and jack frames. One
great merit of Arkwright's machine was its adaptability,

with slight modifications, to use in several stages in the

preparation of cotton for spinning. We find it first in the

drawing frame, and afterwards in the whole series of the

bobbin and fly frames : the slubbing, intermediate, and

roving frame ; and again, but without its distinctive fea-

ture, the drawing rollers, in the throstle doubling frame.

To Arkwright must be awarded the credit of these adapta-

tions, though he left much to do in perfecting the details

of each machine to succeeding inventors.

As it does not fall within the scope of this short treatise

to trace in detail the progress of mechanical invention

—

though the task would undoubtedly prove both interesting

and instructive—by which the present stage of comparative

perfection has been attained, haste must be made to deal

with the facts and conditions of to-day. In the transit

from the earliest days of the modern system to the pre-

sent time, it may, however, prove useful to the student

desiring fuller information to give the names of the succes-

sive inventors, and to outline the nature of the contribu-

tions each individually made to the sum of present results.
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Hargreaves' invention had not been long at work before

it was considerably improved bj the introduction of the

horizontal cylinder, 2, to drive the spindles and the grooved

wheel B (Fig. 56), which were not originally in the jenny.

They were invented and added by a man in a similai

position of life, named Haley, residing at Hoghton, near

Blackburn. The important part played by the cylinder

for the transmission of motion to the spindles only needs

mentioning to be appreciated.

But incomparably higher than all his contemporaries after

Hargreaves and Arkvvright stands the name and services

of Samuel Crompton, whose invention of the mule spinning

frame has proved of such vast importance to the world. The
solution of the problem, if not the inception of the idea of

spinning more than two threads at a time, as we have seen,

belongs to Hargreaves ; the realization of the attenuation

of the rove by means of drawing rollers, by which these

spindles could be supplied with the requisite material with

facility and in the best form, must be credited to Ark-
wright ; whilst the combination in one spinning frame of

the best points of both of these inventors' machines is due
to Crompton. But he was not merely a person who utilized

the fruit of other men's labour, he was also a great inventor,

as he showed by fixing his creel of rovings in the frame of

his machine, and transferring his spindles to a moving-

carriage. This combination, along with his own improve-

ments, made his frame immensely superior to either the

jenny or water frame. In the first the attenuation of the

rove could not be secured with the evenness that was de-

sirable, and generally the outward traverse of the carriage

was completed before irregularities could be removed by
the process of stretching the thread. In introducing the

roller system of drawing the rove, Crompton secured the

best known means of accomplishing that object, whilst he
retained the outward traverse of the jenny carriage as a

reseive power wherewith to overcome the defects or irre-

gulRvities that might remain in the rove after drawing by
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the new system. The defective state of the means for

preparing cotton in the preliminary stages left much to be

done in the final process in the way of perfecting results.

The water frame contained no means of overcoming these

defects, but the mule was enabled to take out irregulari-

ties by means of the *' stretch." This defect of the water

frame was recognized by its inventor himself, and was the

cause of the great devotion he paid to perfecting the pre-

paration, and for his improvements in which the trade is

deeply indebted to him. But all his labour in this direc-

tion was equally advantageous for his great rival's machine,

the mule. The more perfect the rove, proportionately the

more perfect would be the thread from the w^ater frame,

whilst in the mule it would be this plus the improvement
obtained by the stretch. Hence the enormous success of

the mule frame, which, when Arkwright's patents were set

aside or expired, leaving it practicable to use his rollers and

preparatory machinery, distanced its competitor on every

side. It was only as further improvements in details took

place, that the distance in merit between the two machines

or systems of spinning began to diminish, and the water

frame, which afterwards became the throstle frame, ap-

proached more nearly abreast with the mule. Within the

past few years only has the contest become nearly level in

spinning the lower ranges of numbers as to quantity and
quality of production.

There is evidence sufficient to lead to a fair conclusion

that Crompton independently invented the system of draw-

ing the rove by means of rollers. In his first machines

they were of wood, and of so crude a form and structure,

that had he seen or even heard of Arkwright's method, he

could hardly have failed to have made a better beginning.

Crompton's rollers in this respect were speedily improved

upon by Henry Stones, a mechanic of Horwich, near

Bolton, who had probably enjoyed the advantage, denied

to Crompton, of seeing Arkwright's water frame. Stones

therefore introduced the metallic rollers of Arkwright's
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frame into Crompton's mule, thus contributing greatly to

its improvement. The same person also effected other im-

provements in the mule.

About this time Hargreaves' jenny was adapted to

another purpose, that of preparing slubbings or rovings

for spinning, which adaptation is illustrated in Fig. 60.

This was accomplished by a person at Stockport, who
mounted his spindles in a carriage like Crompton, which

he placed to run upon the lower cross piece of the frame, a,

instead of the toprail as in the jenny. Haley's cylinder, F,

was used for driving the spindles, and Hargreaves' faller

wire, 8, assumed a better form, and was placed in a more

convenient position. The driving-wheel, E, was mounted
upon standards fixed to the carriage, and was operated as

in the jenny by the winch attached to the end of the axle.

The strips of carded cotton were placed side by side upon an

endless sheet revolving upon two rollers, and which carried

them upwards to and beneath the roller, C, a light wood
pressure roller called the billy roller, and which attracted

some attention at the time. The frame containing these

rollers occupied the position of the spindles in the jenny.

The card ends passed between two bars, equivalent to the

" clove " of the jenny. The upper of these bars, G, was
raised to allow of their passage. When a sufficient length

had been drawn through, the bars were closed again, and

the portion of rove thus drawn off was attenuated as re-

quired, slightly twisted, and then wound upon the spindles.

When the carriage was returned home in the winding pro-

cess, a wheel, 5, ran under the lever, 6, which raised the

sliding wires, 7, upon which the bar, G, was mounted, thus

opening the clasp for the draught of another length of the

carded cotton.

This illustration will serve to show how the component
parts of every invention in the early days of the industry

were transposed and interchanged from one to another, as

the variations gave promise of improvement. The slubbing

billy was a useful machine in its day, and maintained a
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position in tbe cotton trade alongside Arkwright's slabbing

and roving frames, until, bj the invention of a more per-

fect system of differential driving of the spindle and

bobbin in the fly frames, the latter were so much im-

proved as to render their superiority incontestable. Then
the slubbing billy disappeared entirely from the cotton

manufacture, but in a modihed and improved form it still

exists in the woollen trade.

The difficulty of constructing the tin cylinders with ac-

curacy, when it was desired to increase the length of the

mules, was, for a short time, an obstacle to their further

extension of size. This was, however, overcome by the

invention of small cylinders, called drums, by a person

named Baker, of Bury, which were arranged vertically

in the carriage of the mule, and were driven by a stout

band from a grooved wheel in the head stock. This ad-

mitted of the length of the carriage again being greatly

extended. Success has, however, finally rewarded the

efforts that have been devoted to the construction of

cylinders, and these can now be made of any length ; as a

consequence this method of driving the spindles has again

been reverted to, and Baker's drums have disappeared.

Baker also invented the diagonal shaft, by which motion

was transmitted to the rollers from the rim. This shaft

dropped out of gear at the rim when the rollers were to

stop. The introduction of this shaft was a great improve-

ment, enabling much more accuracy to be obtained in the

working of the parts, and giving opportunity foi the yarn

to be more highly perfected in the final stretch.

As yet the carriage had been brought out from the

roller beam by various appliances, all more or less imper-

fect in their nature and action, and most of which left

*' the stretch " or second draw to be completed by the hand
of the spinner. The stretch was longer or shorter accord-

ing to the quality of the material and the counts of yarn

being spun. The first appearance of the germ of the more
perfect system of bringing out the carriage, which has
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now been so long in vogue, was in tlie invention of a

parallel scroll with a small conical one attached, by James
Hargreaves, of Tottington, near Bury. " Hargreaves " is

a common name in Lancashire, and though this inventor

bore the same name and surname as the inventor of the

jenny, and though only about nine miles of wild moorland

separates Stanhill, the residence of the last-named, and

Tottington, there is no reason to suppose that any family

relationship existed between them.

The mule up to 1790 was purely a manual machine,

operated by the hand of the spinner. Though the spin-

dles were gradually increasing in number, yet they were

few compared to what they became shortly after they were

adapted for being driven by animal and water power. Mr.

Kelly, of Glasgow, formerly of the Lanark mills, was the

tirst person to accomplish this latter improvement. The
way in which he effected this, was by means of a loose

pulley carrying a catch, which at pleasure could be made
to seize another catch fixed upon the axle. On this axle

was a screw which worked into a wheel, and the number
of teeth in which governed the number of revolutions of

the rim by disengaging the rope from the fast to the loose

pulley. The new arrangement enabled the mule to be

largely increased in size.

This invention had hardly got to work before Mr. Wright,

a Manchester mechanic, and formerly an apprentice of Sir

Richard Arkwright, doubled the dimensions of the mule

at once by placing the head stock, or rim, as it was then

called, in the middle of the length of the frame or roller

beam. The widening of the mule also brought another

difficulty to the front. The carriage became of such a

length that when being drawn out the extremities were

apt to lag behind the centre portions unless the frame

was made of great rigidity and strength, in which case it

became too heavy to operate with facility. The conse-

quence was that good work could not be made, and any

kind was almost impracticable. This obstacle to efficiency
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was overcome by the invention of the " squaring " baud,

which enabled the carriage to be brought out on a per-

fectly straight line, like the two sides of a parallel ruler.

Kelly's substitute for manual power was water, but with

the enlargement of themule, and the erection of special build-

ings or factories for containing them, eligible sites became
difficult to obtain, and were often far from centres of popu-
lation. Stexm power began to be welcomed and extensively

adopted, but it is curious now to note that the steam engine

was first employed to lift water in order to pour it upon
a water wheel, which turned the machinery, as this was
thought to be the only reliable source of steady driving,

nnd perhaps correctly so, in the infancy of the steam engine.

It was not long, however, before such improvements took

place in the latter as to dispense with the necessity

of taking power from it by this roundabout method. Its

direct application enabled mills to be brought to the

centres of population, with which facilities, and a growing
demand for yarns, spindles rapidly increased in number.
Up to 1793 no attempts were made to spin the finer

yarns, say from 100^ and upwards, upon the machinery
driven by water or steam power. At that time these

higher counts began to be attempted by the more skilful

spinners. Mr. Kennedy, one of the earliest of the Man-
chester machinists, and from whose paper on the life of

Samuel Crompton some of the foregoing particulars have
been gleaned, was a careful observer of the difficulties en-

countered in these attempts, and set himself to invent a

remedy. One of these was the slow speed at which it was
necessary the mules should work when spinning, say, 200%
and which reduced the production to a small quantity.

The rollers in this case could only make about twenty-five

revolutions per minute and the spindles about twelve hun-
dred. But when a sufficient length of roving had been
drawn out for one length or traverse of the carriage, the

rollers stopped, and the spindles were accelerated during
the second draw or stretch. This acceleration of speed was
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put in by the manual labour of the spinner. Mr. Kennedy,
however, devised a plan by which it was automatically ac-

complished by the mule. His first idea was to adapt the

principle of the arrangement of wheels termed the sun and
planet motion, which was suggested to him by seeing it in

Watts' steam engine. The low state of mechanical skill,

and the consequent difficulties to be encountered in making
the parts at that time, however, deterred him from the

attempt, and he chose the simpler method of an arrange-

ment of four wheels of unequal sizes for producing the

same effect. This plan was partially successful, and by
repeated improvements, made according to the suggestions

of several persons interested, became approximately perfect.

The wheels were first lifted in and out of gear with each

other ; afterwards a clutch box was employed, which im-

proved upon the previous arrangement considerably ; then

Mr. Kennedy introduced the plan of three pulleys, one fixed

on the small wheel, another on the larger one, and a loose one.

By removing the driving strap from the loose pulley when
the wheel was at rest, to the pulley on the smaller wheel,

the rollers were set to work, and next to the pulley on the

larger wheel, which accelerated the speed of the rim and

the spindles until the thread was stretched and fully

twisted, when the strap was again removed to the loose

pulley, the machine coming to rest in order to allow the

draw or length of yarn just finished to be wound upon the

spindles, after which operations recommenced. Mr. Ken-

nedy subsequently introduced his original idea of accom-

plishing this end by the sun and planet motion, which was

regarded as a further improvement.

Spinning in the early days of the modern system was

an occupation requiring great skill and care. In ancient

times, when the instruments in use were the distaff and

spindle and the old hand wheel, its pursuit was confined

almost exclusively to the female sex, and during the first

part of the transition period but little change took place.

Hargreaves' jennies were generally worked by women and
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children, as also were Arkwright's water frames. Tbe
successive improvements and enlargements, however, began

to make them too complicated and cumbrous for females

to handle, and hence necessitated a change in this respect.

Another reason which expedited the transfer of this occu-

pation to the hands of men was that with the increased

production resulting from the ase of the new machines,

and the rapidly growing demand for yarns, it became a

more profitable occupation than weaving, wh'ch began to

fall more generally than before into the hands of women.
Thus an industrial revolution which overturned a relation-

ship of the two sexes that had existed for ages was quietly

established.

The great skill and care needed on the part of the opera-

tive to produce good yarns arose from the fact that the

principal movements in Crompton's mule, which had been
quickly recognized as by far the best spinning frame, still

required to be performed by the hand of the spinner, not-

withstanding the improvements that had been effected. The
building of the cop upon the spindle was the work of the

attendant ; the backing-off previously to winding was done
by hand, as was also the regulation of the speed of the

spindles during the latter operation, so that the winding
should take place upon the different diameters of the cop
without breaking the threads. The paucity of this skill

caused steady progress to be made in the direction of ren-

dering the mule more and more automatic. With the single

faller wire it was found impossible to prevent the yarn

running into snarls when the backing-off took place, and
inese could not afterwards be taken out. A simple device,

the counter faller, remedied this. It was placed under the

threads, and was raised at the moment of backing-off in

order to take up the slack, and thus prevent the formation

of snarls. In this it was to a great extent a success, but

complicated the mule still further, and added another

difficulty to its management.
One of the most important steps in advance was the in-

Q
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vention in 1818 of a copping motion by Mr. William Eaton,

which took the entire operation of manipulating the wind-
ing of the threads from the hand of the spinner, rendering

it automatic. More is implied in this than may appear at

the first view. It necessitated in the first place a self-

acting method of performing the backing-off at the finish

of each outward traverse of the carriage, and before the

winding commenced ; secondly, an automatic action of the

two faller wires, the ascent of the counter faller, and the

descent of the winding faller, or guide ; and, thirdly, a self-

acting arrangement regulating the speed of the spindles

according to the increasing size of the winding surfaces of

the cop. Great credit is due to Mr. Eaton for the ingenuity

displayed in this invention, as in many respects his methods
of achieving these ends have formed the basis of the im-

provements that have led to the present more perfect plans.

The labours of Hargi^eaves, Arkwright, and Crompton
had not long been presented to the public before the con-

ception was formed that it was quite practicable to make
purely automatic spinning machines which, without human
aid, should perform all the operations involved in the pro-

duction of yarn, and which should require nothing more
than general superintendence. Having secured a steady,

reliable, and untiring motor in the steam engine, these

day-dreams could hardly be regarded as beyond the pos-

sibility of realization. The Rev. Dr. Cartwright, the in-

ventor of the power loom, was the first who attempted to

realize the vague ideas prevalent on this subject. His

device was ingenious and highly creditable, but, as might

be anticipated, was a failure. He was followed, with more
approximation to success, by Messrs. Eaton, of Wiln, in

Derbyshire, Mr. De Jongh, of Warrington, Mr. Buchanan,

of the Catrine mills in Scotland, and Mr. Smith, of Deans-

ton. An American inventor. Dr. Brewster, was also in

the field in pursuit of the same object.

But the merit of solving this difficult problem belongs

almost entirely to Mr. Richard Roberts, of Manchester,
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who hid for some time also been devoting his attention to

the matter. His first patent was taken out in 1825, and
a second for extensive improvemeats in 1830. Roberts'

mule was so distinctly superior to those of all competitors

that it quickly secured a large amount of favour from the

trade. But this was not until after the improvements
covered by the second patent had been made.

The mule, as already shown, had been brought to a high

stateof development as a machine which yetrequired manual
assistance in its operation. The problems, therefore, which
confronted the inventor in his efforts to dispense with the

latter necessity were : first, the construction of a reversing

arrangement which should unwind the spiral of yarn upon
the top of the spindle previously to commencing the wind-
ing of each stretch ; secondly, the invention of an arrange-

ment or mechanical appliance which should govern the

movement of the faller wire so as to build the yarn upon
the spindle in the form best suited for subsequent pro-

cesses, which had already been established as the cop

—

a cylindrical figure coned at each end. This was also

required to be firmly constructed, of good shape, and cor-

rect proportion. And, thirdly, an appliance was required

that should vary the speed or rate of revolution of the

spindle according to the enlarguig diameter of the winding
surface of the cop. When it is considered that not only

were these intricate problems to be separately solved, bub

that, when this had been accomplished, the different pieces

of mechanism had to be combined in one machine in such
a manner as to work in perfect harmony in relation to one
another, some idea of the intricacy and delicacy of the

task may be formed.

The invention of the counter f iller was the first great

step towards the solution of the problem of winding. This,

like the ordinary faller, was a horizontal wire extending
the length of the spindle carriage, but, unlike the other,

it was placed beneath the threads, and about two or three

inches from the tops of the spindles. Its function, now so
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well known, was to rise and take up tlie slack in the yarn

caused by the " backing-off " or unwinding of the spiral of

yarn upon the uncovered portion of the spindle, as previously

refei-red to, and to retain the yarn in such a state of ten-

sion as to prevent it from running into snarls until the

winding process had taken it up. During the progress of

the latter the top faller would gradually rise, and the

counter faller descend, until the winding was completed,

when each would have regained their original position,

there to rest until another draw or outward traverse of

the carriage, forming another length of threads, had been

completed. The top faller was actuated by means of com-
pound levers, acted upon by rotary cams, which brought
it down upon the threads, after which its movements were
governed by a lever and friction roller, which traversed

an inclined plane called " the shaper." This acted upon
the faller, through the lever, in a different manner at

every stretch, by which the successive layers were built up
in such a manner as to form a well-shaped and firm cop,

in many respects superior to the best that could be pro-

duced by hand.

The variable revolution of the spindles during winding
was effected by a small drum placed at the end of the

carriage near the headstock, to which the ends of two cords

were attached, and coiled round it in opposite directions so

that when one was being wound on the other was uncoil-

ing. One cord was extended to the back of the headstock,

and to its extremity a weight was suspended to act as a

counterpoise, drawing the cord off the drum as the carriRge

drew away from the rollers, during which time the other

cord was being wound up. This drum was also connected

with some toothed wheels which were brought into gear

with that part of the mechanism that operated the spindles

during the time the yarn was being backed-off preparatory

to winding on the spind'e. The cord which caused the

winding-on drum to revolve during the running in of the

carriage had one end attached to the radial arm of a
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quadrant which described an arc whilst the winding-on

drum was receding from the point of attachment in a

straight line. As the carriage receded the cord was un-

coiled, causing the drum to revolve and thence the spindles.

The amount of rotation of the spindles was regulated by
the length of rope to be uncoiled. Assuming that all the

parts were arranged for the commencement, of work, and
the spindles bare, the maximum number of revolutions

would be required to wind on the length of a stretch or

draw, but for winding the next a diminished number of

revolutions would be required, owing to the winding surface

having been increased by the previous layer. This was
repeated with each succeeding layer until the bottom or

base cone of the cop was completed. After this the move-

ment was uniform until the completion of the cop or set.

An accurate differential motion analogous to, but in i'.s

details radically different from that already described in

connection with the roving frame, was therefore required

and found in this arrangement. In this case the decrease

of motion in the spindles was obtained by lessening the

length of cord to be uncoiled from the winding-on drum.

This was efiected by making the point of the radial arm
change its position with the addition to the cop of every

stretch, so as to effect the required diminution in the

length of the rope.

The first self-acting mule was one of the greatest

triumphs of mechanical genius that has ever been achieved,

and as a display of the power of the inventive faculty in

man's nature surpassed anything accomplished up to that

time. This statement hardly requires even that limited

qualification, as though great advances have since been

made in many branches of mechanical industry, nothing

yet surpasf^es the spinning mule in the number and
variability of its actions, the admirable concert of its parts,

or the excellent results achieved by it.

The new machine was a perfect spinner ; that is, it

accomplished every part of the process without manual
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help. Hargreaves' jennj and Crompton's mnle required

the aid of the operative to perform several processes.

The inventor of the new mule dispensed with all necessity

for this help, and transformed the operative spinner into a

superintendent merely. Its chief features of difference from

Crompton's mule, as improved up to that time, were :—1st,

in the mechanism by which thefsiller and counterfaller were

respectively depressed and elevated in backing-offand wind-

ing ; 2nd, the regulation of the movements ofthese wires so

as to make a well-formed cop; 3rd, the arrest of the twisting

revolution of the spindles, reversing them for backing-off,

the stoppage of this movement also, and a second reversal

of the direction of the revolution of the spindles, with a

slow and differential movement for winding up the yarn
;

and 4th, when all these were successively completed, the

means by which they were automatically started anew.

The amount of inventiveness embodied in the new mule
considerably exceeded ihat shown in the jenny or Cromp-
ton's machine, great as this was in each instance. Ark-
wright, as we have seen, was only to a limited extent a

true inventor, being more distinguished for his ability to

utilize the inventive faculty and labours of others, so that

he can hardly be brought into the comparison. It must,

however, be said in favour of Hargreaves and Crompton,

that Roberts had facilities placed within his reach by the

progress of mechanical science, and the improvement of

machine construction, many advantages from which they

were debarred. His genius was therefore comparatively

unfettered, and hence achieved superior results. The
value of his invention, however, can hardly be regarded as

so great to the world as that of his predecessors, though

the inventive skill manifested in it was superior. Har-

greaves showed mankind how to do something essentially

new and unthought-of before ; Crompton wonderfully im-

proved upon Hargreaves' plan, both in the manner of its

action and the extent of its results ; Roberts made a great

step forward on the labours of both.
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CHAPTER IX.

The Modern Mule.

Present comparative perfection of the mule.—The head-stock, witli

illustrations.—Means of actuating the drawing rollers, spindles, and car-

riage.— Stopping the carria^^e and the revolution of the spindles.—Back-
ing off 5 movement of the faller.—Drawing in of the carriage.—Winding
mechanism.—Harmonious operation of the parts in action.—More de-

tailed description ; development of the various parts.—The faller wire
motion, and its operatinn.—Building the cop.—The c<^uinter faller wire.—

'I'he backing-off mechanism.—The winding quadrant and its function.

—Kecent removal of several imperfections.—Copping apparatus con-
trolling the backing- off movement.—The loose incline.—Improvement
in the backing-off chain tightening motion ; causes of its requirement.

—

Imperfection of the winding apparatus as left by Koberts.—Successive
improvements.—Messrs. Piatt Bros, and Co.'s automatic nosing motion.
—Improvement in the click wheel.—Tlie stretching process in early

mules; succeeded by the -'gain.'"
—

'i'he former plan retained for " me-
dium fine" and " fine" mules.— "' The jacking motion," and its adjuncts,

the jacking delivery and the winding delivery motions of the rollers.

—

I'Jetention of the hand mule for the finest yarns.—Its improvement.

—

Self-acting mvile for finest yarns —Backing-otf and winding.—The quad-
rant and its improvement.—Automatic regulation of tlie fiillers ; the

lifting motion ; locking and unlocking of the faller ; winding ; and
backing off.—Speed of the parts ; changes ; replacement.

THE brief review just gi%'en of the development of our

principal spinning machine brings us to the period in

which it is found with the essential principles and general

structure and form it has since retained. All subsequent

improvements, though considerable, have been in details.

These have been perfected almost to the highest degree

possible, and it would seem that little remains for succeed-

ing inventors to accomplish in its further improvement,

and this idea appears to be confirmed by the fact that of

late years attention has been greatly diverted to the im-

provement of the flyer frame, in both its old form, and as
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modified in tlie ring' spinning frame. As, however, the

mule is, and must long remain the most important spin-

ning frame of the series, it will be well to examine it in

detail before proceeding to the consideration of the claims

of its rivals.

The following illustrations and description are reproduced

from the article on "Cotton Manufactures,*' by the present

writer, in Messrs. Spons' " EncjelopjBdia of Manufactures

and Raw Materials," referred to previously:

—

Fig. 61 represents a side elevation of the mule head-

stock, with the transverse section of the carriage, shown as

running in, and in the act of winding. The drawing-rollers

and roller-beam are also seen in section. Fig. 62 is a

front view. In Fig. 63 is seen a corresponding plan of

the mule, showing the head-stock in the middle, and having

spindles working on each side.

The driving power is communicated to the machine

through the horizontal first-motion shaft, on which are the

fast and loose strap pulleys ab.

When the carriage M has run in to the roller-beam, or

drawing-rollers, the front of which series is seen at c^, the

driving strap is on the fast-pulley A, though a portion ex-

tends to the loose-pulley b. Motion is communicated to

the drawing-rollers by the small change bevel-wheel C,

driving the large bevel-wheel c\ running loose on the

horizontal shaft c, and connected with the front line of

drawing-rollers.

The spindles are also driven from the chief motor

shaft by the double-grooved cord-pulley, or rim, A", on

the extremity of the shaft, carrying the bevel-wheel C.

From this pulley, an endless cord a passes downwards,

beneath the guide-pulley a\ thence to the oblique cord-

pulley a^, as seen in the carriage m, and to and around

the tin roller a^, keyed on the horizontal shaft J, which

carries the tin cylinders j^ used for driving the spindles.

Thence it passes forward, and around the carrier-pulley

a\ fixed to the front of the frame, then along the floor to
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the guide -pulley a^ at the back of the headstock, and
thence to the rim-pulley A^. This completes the circuit

of movement by which the spindles are operated.

Whilst these movements for the spindles and drawing-

rollers are going on, the small spur-pinion C", keyed on the

front roller c, drives the spur-carrier-wheel c^, which drives

the spur-change-wheel c", fixed on the boss of the smaller

spur-wheel c^ ; the last-named c^ and c^ run loose on studs,

fixed to the movable weight-lever c^, hinged on the front

roller-shaft c, the spur-wheel c^ gearing into the spur-

wheel c\ which is keyed on the shaft h, called the back,

or drawing-out shaft, running the full length of the mule,

and upon which are fixed three scroll-pulleys, one being

seen at c' , and one at each end of the shaft. These pulleys

have a rope attached to and wound upon them, the other

part being passed round the guide-pulleys, turned back,

and attached to the carriage, for the purpose of traversing

it outwards as the yarn is spun.

"When the carriage arrives at the extent of its stretch, i.e.

is at the point of its traverse the furthest from the front

drawing-rollers, the faller-shaft comes into contact with

the incline e\ fixed on one end of the beam-lever E, pressing

it down, so that it turns on its fixed centre E". On the

opposite end, is a similar incline e"^, also a stud e\ on
which hangs the pendent cam-plate, the back of which
bears against the fixed bracket. At the lower end of this

bar, is an oblong slot, through which the cam-shaft passes.

This slot is of sufiicient length to allow of the free vertical

movement of the cam-plate. At each end of this slot,

concentric with its centre, and projecting from the face of

the cam-plate, are two circular inclines, one of which is

seen at e", commencing its rise, and terminating diame-

trically opposite, being half a revolution. One end of a

steel pin abuts against the top of this incline, and passing

in a horizontal direction through the catch-box d", presses

with its opposite end against the other half of the catch-

box, holding it out of gear until acted upon. This half of
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the catch-box slides freely upon a key, fixed on the cam-
shaft. A spiral spring e'', one end of which presses against

its boss, and the other against a stop-hoop, which is ad-

justable to regulate the tension of the spring e*^, is fixed

with a set-screw to the shaft. This cam-shaft next passes

through the tubular cam-shaft D, to the back of the head-

stock, where it has the wheel d^ keyed upon it. When the

end of the beam-lever e is pressed down, so that it turns

on its fixed centre e^, moving its opposite end upwards,
it carries the pendent cam-plate, with its circular incline,

away from the steel pin ; the new position allows the steel

spring e^' to act upon the catch-box, putting it into gear

with the catch-box D", which it carries round half a revo-

lution, when the steel pin which is brought with it comes
into contact with the second incline, puts it out of gear,

and causes all motion to cease.

The tubular cam-shaft d runs in bearings, one at each

end, projected from the frame side, and supports the last-

mentioned shaft. The catch-box d^ is keyed on one end,

to give it motion. The cam 4, which acts on the lever 6,

is also fast. The lever 6, passing upwards, extends to the

catch-box e on the front roller c, and is carried by a stud

in the frame, the centre of which is seen in the plan. The
helical spring 7 is attached to this lever, and thereby

liolds the catch-box in gear. The partial revolution of the

cam-shaft d is effected by the revolving bevel-wheel t,

fixed on the boss of the loose-pulley B, on the first-motion

shaft, which gears into another wheel Z>\ keyed on the top

of the upright shaft F, which passes down to the scroll-

shaft. Another bevel-wheel 5" on the same vertical shaft

gears into the large backing-off" bevel-wheel &^, shown
by dotted lines in the drawing, cast in one piece with the

spur-wheel d', and which runs loose on the journal of the

main driving-shaft, and gears into the spur-wheel D'^,

on the end of the cam-shaft from which it receives motion.

When the carriage arrives at the boundary of its stretch,

the first movement of the cam-shaft d, actuated in tho
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manner explained, is to throw out of gear the catch-box e

on the front roller-shaft, thus stopping the motion of the

drawing-rollers and carriage. This is accomplished bj

the cams 4 and 5 ; the cam 4, coming round, presses against

the projection on the lower end of the forked lever G,

working in the ring-groove in the projecting boss of the

catch-box on the front roller-shaft. The cam 5 presses

down one end of a beam-lever, the centre of which is seen

at the opposite end, lifting the vertical bar, the top of

which bears again.^t the lower surface of the movable
weight-lever c*', and disconnects the spur-wheel c' and the

wheel G% thus stopping the carriage.

The next operation is stopping the motion of the spindles.

This is effected bj the worm d on the first-motion shaft,

gearing with the worm-wheel d^ on the end of a short

shaft cZ", which passes through the bracket, fixed to the

headstock ; the opposite end of this shaft carries a cam c^,

which acts at the proper time upon the end of the catch

d\ hooking on the end of the bracket. The opposite end

of this catch is joined to the strap-lever d\ which carries

the fork to guide the strap. When the catch cZ' is hooked

on the bracket, it retains the strap on the fast-pulley a.

As the shaft makes one revolution during each stretch of

the carriage, the cam d^ is so adjusted as to act at the

proper time upon the catch d\ liberating it from the

bracket, when a helical spring is made to act upon the

strap-lever cZ', shifting the strap on to the loose-pulley b,

thus stopping the spindle.

The next movement is that of backing-off. The lower

end of the strap-lever hinges on a stud, fixed in the

frame side, and, at this jDoint, it branches off for a short

distance, in a horizontal direction, towards the back of

the frame, passing under a short projection from the back-

ing-ofi' lever d^. This projection rests upon the branch of

the strap-lever ; its office is to prevent a shock when put-

ting the backing-off cones into gear as the strap leaves the

fast-pulley. The backing-off lever oscillates on a stud



236 COTTON SriNNLVG.

fixed in tlie frame. On the upward branch of the lever is

a loose stud cl\ which is secured to one end of a screwed

rod, by means of two nuts, so as to be adjustable ; the other

end is attached, by means of a small stud, to one end of

the horizontal lever ct^ the middle portion of which fits the

ring-groove on the boss of the conical friction-pulley, by
means of which the latter is brought into frictional contact

with the internal cone of the backing-ofi* wheel h^, on the

main driving-shaft, and is thus made to revolve in an

opposite direction to the main driving-shaft, by the bevel-

wheel, on the boss of the loose -pulley b, as before shown.

Thus, when the friction-cones are brought into contact,

combined with the motion of the pulley A^ and the main
driving-shaft, the change reverses the revolution of the

spindles.

The depression of the faller-wire follows next. As
soon as the backing-off commences, the ratchet-wheel j,

which is keyed fast on the tin roller-shaft, is carried

round with it. On the boss of this wheel, a ring-groove

is turned, which is clipped by a bent spring j/\ and

the latter being carried round with it by frictional

contact, its free end bears against the tail of a catch r,

pressing it into gear with the ratchet -wheelj, which carries

the last-named catch and its stud with it. This stud is

fixed in the disc 3, which runs loose on the tin roller-shaft J.

The boss of the disc is formed into a spiral groove, in-

creasing in diameter as it approaches the flange. A chain

j^ is attached to this boss, and, winding round the spiral

groove, passes horizontally towards the front of the

carriage, partially round a flanged carrier-pulley, fixed on

the top end of the lever p', then up to and over a short

bent lever p^, and is fixed on the faller-shafo p, being

attached by means of a screw and wing nut, to adjust its

length. This short lever pulls down the faller-wire to the

apex of the cop. A lever j?^ is fixed on the faller, and, at

its free end, is a stud, on which hangs the pendent bar p'^.

By the time the faller-wire s has attained the level of the
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points of the cops in process of formation, the foot of the

pendent bar is drawn upon the top of the slide, with its

anti-friction bowl resting on the cop-shaper E. A stud is

fixed in the pendent bar, to which the adjustable rod p* is

connected, the other end being attached to the upper extre-

mity of a short lever, placed just within the carriage. The
opposite end of this lever is connected with a short shaft,

at the extremity of which is fixed another lever p', which
passes downwards beneath the carriage. The free end of

this lever is formed into a double or forked incline, suffi-

ciently wide to fit the anti-friction pulley 2^", which runs

loose on a stud, fixed into the end of the lever j)'. This

fork presses down the friction-pulley, which carries with

it the lever p^, the lower end of which is secured to the

end of a short shaft, passing through a bracket, fixed to

the lower portion of the frame. Oa the opposite end of

this shaft, is fixed the boss of the lever j/, to which, at its

lower extremity, is secured a stud ; to this stud is attached

one end of a long rod p^, which passes to the back of the

headstock. Near to its extremity, is a stop-hoop, against

which one end of a helical spring p^° abuts, the opposite

end pressing against the lower end of the backing-off lever

cr, where the rod passes freely through, compressing the

spiral spring j9^°. At its extremity, is fixed a second stop-

hoop, which is fixed on the rod with set screws, being

adjustable. The office of this stop-hoop is to disconnect

the backing-off cones. The inward movement of the pen-

dent bar stops the further descent of the faller-wire, and
locks the faller to the shaper. The chain j\ being still in

tension, draws the chain-pulley inwards ; acting upon the

upper end of the lever jj', and upon the lower end of the

lever y, move the long rod 2^^ ai^d stop-hoop p^^, carry-

ing with them the backing-off lever c^, which puts out of

contact the conical friction-pulley, when the backing-off

ceases.

The drawing-in of the carriage is accomplished as

follows :—On the upright shaft F, at the back of the
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headstock, is a cone friction-pulley f\ odc half of which

slides on a key, fixed in the shaft ; on its boss is a

ring-groove. The other half runs loose upon the shaft,

and, keyed upon its boss, is a bevel-wheel, which gears

into a similar wheel on the scroll-shaft f', which ex-

tends for some distance on each side of the headstock.

Two scrolls are fixed on this shaft, one of which is

shown at F^. A stout rope /i, made fast to the boss, is

then wound round the scroll attached by its end to the

carriage, and thus pulls it in. A second rope is attached

to the other end of the scroll, and is wound round in an

opposite direction, passing off at the under side, and along

the floor to the front of the headstock, where it passes over

a carrier-pulley, fixed to the frame, and then back to the

front of the carriage to which it is attached. At the lower

extremity of the lever ^' is fixed a stud, carrying an anti-

friction bowl, on which the lever Z rests while the backing-

ofi" is in progress ; the boss of this is attached to the shift

l\ which passes along the floor to the back of the headstock.

On this, is a second lever, having at its free end a fixed

stud, on which is placed one end of a vertical rod Z", which

is attached to the forked lever Z^ the free end of which

works in the ring-groove, on the boss of the loose half of

the frictional cone-pulley f\ holding it out of contact.

When the lever j/ drops down, taking with it the lever Z,

it allows its shaft to rock, which causes the lever at the

back end of the shaft to fall, bringing the cone friction-

pulleys into contact, which gives motion to the bevel-wheels

and scroll-shaft, and " puts up," or draws in the carriage.

The following are the details of the winding arrange-

ment. At the moment that the cone-friction is in gear, the

mitre-wheel G on the back shaft h, gears into the mitre-

wheel G^ on the side shaft G'. At the opposite extremity

of the shaft, is a second pair of mitre-wheels, giving mo-

tion to the shaft G^, on the other end of which is keyed the

spur-pinion i, gearing into the spur quadrant-wheel i\

which forms a portion of the radial arm i\ oscillating on a
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stud fixed in the frame. A coarse-threaded screw T is

mounted upon this arm, and on it is fitted a nut /, free to

move up and down. To this nut, is attached a chain /,

which, passing down, is wound upon the chain-drum i^, and
made fast. The chain-drum i^ is cast in one piece with
the spur-wheel i', and keyed on a short shaft, gearing into

a spur-pinion i^ on the boss of the disc i\ which runs loose

on the tin roller-shaft J. A stud is fixed in the disc, which
bears a catch i% that takes hold of the teeth in the ratchet-

wheel i^y fixed on the tin roller-shaft j. A bent spring

clips into the ring-groove, in the end of the journal i', and
its free end rests on the small catch i^, thus completing the

connection between the quadrant and the tin-roller, by
means of which the yarn is wound upon the spindles.

When the backing-off is completed, and the faller-wire

is down at the apex of the cop, the anti-friction bowl at

the foot of the pendent bar^" is resting on the lower part

of the short incline, at the front of the shaper R. As the

carriage, on running in, commences to wind the yarn on
the cop, the bowl ascends the incline, further depressing

the faller-wire to the base of the upper cone. The action

of the parts is to uncoil the chain from the winding barrel,

which give motion, through the spur and ratchet-wheels,

to the tin rollers, and thence to the spindles. The quad-
rant moves round its centre i rev., and gives less chain,

which increases the speed of the spindles, as the threads

approach the apex of the cone of the cops.

When the building of the cop commences, the above-

mentioned nut stands at the bottom oi the screw, at the

centre of oscillation. On the extremity of this screw, is a

bevel-wheel t\ gearing into a similar wheel on the boss of

a spiral wheel T", running on a fixed stud. This spiral wheel
gears into a second spiral wheel t\ on the shaft t^ ; on the

same shaft, is fixed the spiral roller t\ At this point the

bowl begins to descend the longer incline of the shaper,

which allows the faller-wire gradually to rise, guiding the

thread to the apex of the cone of the cop, as the spindle
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winds it on. For a short distance, at both ends of the
shaft T*, is cut a screw-thread, which passes through a
fixed nut bearing the shaft up. As the latter turns round,
the spiral roller is taken towards the back, which gives

less motion to the nut in the radial arm ; this continues
till the bottom of the cop is completed, when the spiral

roller passes out of range, and its action ceases.

By means of this arrangement, when the yarn becomes
too tight in winding on, the counter-faller o is depressed

;

a lever under the carriage, which is attached to the counter-

faller by a chain, is lowered until it comes into contact

with the spiral roller, to which it gives motion ; by this

means, the screw in the radial arm is turned round, work-
ing the nut upwards, until the yarn is slackened so much
as to permit the counter-faller to rise, and to disengage the

lever from the spiral grooves in the roller.

When the winding of the yarn upon the spindle is com-
pleted, and the carriage arrives at the drawing rollers, the

fallers are disengaged by the pendent bar striking a fixed

stop in the frame, pushing it outwards, and disengaging it

from the slide, when the fallers rise by the action of their

springs. When the carriage has been put up, and has

arrived within a few inches of the roller beam, the faller-

shaft comes into contact with the incline e"^, pressing down
the end of the long beam lever e, and forcing the pendent
bar, with its circular incline, away from the steel pin,

which allows the catch-box d^ to turn the cam-shaft i
rev. when it puts the strap upon the fast-pulley, and all

the other motions into their original positions, where they

are ready to recommence spinning.

The operation of this complex arrangement of shafts,

wheels, levers, pulleys, ropes, and springs, may be briefly

T-ecapitulated as follows :—The creel having been supplied

with bobbins containing rovings, the ends of the latter are

passed through small guide-wires, and between the three

pairs of drawing-rollers c. The function of the back pair

—that first taking hold of the roving—is simply to draw
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the latter from the bobbin, and deliver it to the next

pair. The motion of the middle pair is slightly quicker

than the first, but only sufficiently so to keep the roving

uniformly tense, in order that when delivered to the

next, or front pair, running much more quickly, the

" drawing," or attenuation of the roving may be equal

throughout. Connection is then established between the

attenuated rovings and the spindles. When the latter*

are bare, as in a new mule, the spindle-driving motion

is put into gear, and the attendants wind upon each

spindle a short length of yarn from a cop held in the

hand. This done, the drawing-roller motion is placed in

gear, and the rollers soon present the attenuated roving in

front, to which the threads on the spindles are then at-

tached, by simply placing them in contact with the un-

twisted roving. The different parts of the machine are

next simultaneously started, when the whole works in

harmony together, the back rollers pulling the sliver from

the bobbins, and passing it to the succeeding pairs, whose

difierential speeds attenuate it to the required degree of

fineness. As it is delivered in front, the spindles, revolving

at a rate of 6,000-9,000 rev. a minute, twist the hitherto

loose fibres together, thus forming a thread. Whilst this

is going on, the spindle carriage is being drawn away from

the rollers, at a j)ace very slightly exceeding the rate at

which the roving is coming forth. This is called the " gain "

of the carriage, its purpose being to eliminate all irregu-

larities in the fineness of the thread. Should a thick place

in the roving come through the rollers, it would resist the

efforts of the spindle to twist it ; and, if passed in this con-

dition, it would seriously deteriorate the quality of the yarn,

and impede subsequent operations. As, however, the twist,

spreading itself over the level thread, gives firmness to

this portion, the thick and untwisted part yields to the

draught of the spindle, and, as it approaches the tenuity

of the remainder, it receives the twist it had hitherto re-

fused to take. The carriage, which is borne upon wheels,

s
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continnes its outward progress, until it reaches the ex-

tremity of its traverse, which is 63 inches from the roller

beam, when the revolution of the spindles ceases, the

drawing rollers stop, and the backing-off commences.

This process is the unwinding of the several turns of the

yarn, extending from the top of the cop in process of for-

mation to the summit of the spindle. As this proceeds,

the faller-wire, which is placed over and guides the threads

upon the cop, is depressed ; the counter-faller at the same
time rising, the slack unwound from the spindles is taken

up, and the threads are prevented from running into

snarls. When the backing-off is completed, the carriage

commences to run inwards—that is, towards the roller-

beam—the spindles winding on the yarn at a uniform rate,

but by means of a varying speed in their revolution, as the

faller is guiding the thread upon the larger or smaller

diameter of the cone of the cop. Immediately the winding

is finished, the depressed faller rises, the counter-faller is

put down, and the former actions recommence in the order

described, and are repeated until the *' set " is completed

—

that is, the cops on each spindle are perfectly formed. In

modern mules, when the set is finished, a stop-motion

paralyzes every action of the machine, rendering it neces-

sary to *' doff," or strip the spindles, and to commence
anew. Dofiing is performed by the attendants raising the

cops partially up the spindles, whilst the carriage is out

;

then depressing the faller, so far as to guide the threads

upon the bare spindle below. A few turns are wound on,

to fix the threads to the spindles for a new set, and then

the cops are removed, being collected into cans or baskets,

and subsequently delivered to the warehouse. The re-

mainder of tbe "draw" or "stretch," as the length of

spun yarn is called when the carriage is out, is then

wound upon the spindles by the carriage being run up to

the roller beam. Work then commences anew.

This description of the operation of the parts composing

that complex portion of the mule known as the headstock,
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and which we may observe in passing is based npon the

mnle as constructed by Messrs. Curtis, Sons, and Co. of

Manchester, does not show the number and intricacy of

the problems it was necessary to solve before satisfactory

results were attained. In view of the desirability of

securing a fuller comprehension of these, and the means
by which they were reached, it will be useful to enter into

a little detail regarding them.

It has been shown that drawing rollers are common to

all spinning frames, whether of the continuous or inter-

mittent class ; the latter differ from the former only in the

means by which they are operated and their intermittent

action secured. The drawing out of the carriage from the

roller beam is the first distinctive action of the mule. This,

as pointed out in connection with thejenny and Crompton's

mule, was at first dependent upon the strength of the

spinner, and its perfect manipulation upon his care and

skill. The substitution of mechanism for performing this

task was one of the earliest improvements. Until the in-

vention of this " drawing-out apparatus," there was a limit

to the elongation of the carriage, and consequently to the

increase in the number of spindles. A difficulty encoun-

tered by the earlier inventors was to get the carriage to

advance from the roller beam in a parallel line, when it

was extended beyond a length that now would be regarded

as exceedingly short. This drawing-out apparatus, the in-

vention and operation of which has already been described,

almost perfectly obviated that trouble for a time, but only

for a time. Enlargements were carried so far, and speed

increased to such a degree that an amount of vibration

and unsteadiness, seriously detrimental to good work, was
induced. This has again been obviated by the introduc-

tion of a " middle drawing-out apparatus," which consists

of two additional scrolls placed on the back shaft, one in

the middle of each half of the carriage. These scrolls are

operated precisely as the others, except that the bands for

convenience are made to pass under the carriage. The
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carriage is tlms governed at five points in its length ; the

centre, the middle of each half, and the extremities. By
this chauge the carriage in coming ont is again brought

perfectly under control, and the tendency for each half to

bend inwards at the centre forming a slightly concave line,

is corrected, whilst the vibration resnlting, when it is put

up, is more quickly checked. It is largely owing to this

that the high speeds now in vogue in our principal mills

are rendered possible.

A similar difficulty was also formerly experienced in re-

turning the carriage to the roller beam, when a stretch had
been completed. The carriage was drawn in from the

headstock which is its centre, and as its length was in-

creased it was found that it could not be kept parallel

when being returned home. This was obviated for a time

by the invention of "the squaring-band," which was found

to be a great improvement, though it left much to be de-

sired. A successful endeavour was therefore made to

obtain more power for, and a steadier return of, the car-

riage, which was accomplished by effecting a connection

between the drawing-out or back shaft, and the taking-in

shaft, w^hich, by means of extra scrolls and bands, is thus

converted into a taking-in as well as a drawing-out shaft.

By this addition to its first function, the traverse of the

carriage is rendered much more steady, the controlling

bands being now six instead of two, as in former times.

The development of the faller wire has already been

traced from Hargreaves' jenny to Roberts' self-acting mule,

in which it assumed a form leaving little to be done by

subsequent inventors, save in perfecting its details. In

this respect much has since been accomplished, and it is

doubtful whether any further advance can easily be made.

The faller wire motion as extensively in use at the present

time, and which difi'ers only in small details in the mules

of different makers, is described and illustrated as made
by Messrs. Piatt Bros, and Company, of Oldham, in a

paper read before the Institution of Mechanical Engineers,
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by the late Mr. John Platfc, on " Machinery for Preparing

and Spinning Cotton." Figs. 64, 65, 66, 67, show the de-

tails, and the following is the accompanying description,

which permission has kindly been granted the writer to re-

produce. Speaking of the faller-wire arrangement, Mr.

Piatt says :

—

Fig. 65. Putting down Faller during backing-off.

*' The top faller arm, a. is made of the sickle shape shown in

the drawing, for the purpose of enabling it to put down the

faller wire to the bottom of the cops, j, without the arm itself

being required to pass down between the cops, so as to save

room in the length of the mule. On the front of the faller

shaft, I, is keyed the sector, c, and a chain, n, attached to it,

passes round the pulley, e, to a snail, f, upon the shaft of the
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tin roller, which by a series of bands drives the row of spindles,

T. The snail is geared to the tin roller by a ratchet clutch,

having its teeth set so as to engage only when the tin roller is

driven the reverse way for backing off, as shown by the arrow

in Fig. 65. Whilst the tin roller is running forwards during the

spinning, and again during the winding, in the direction shown

ir'ig. t6. Locking ut ialier previous to winding.

by the arrow in Fig. 64, the snail, f, is not in action ; but as soon

as the carriage, g, of the mule has run out to the end of the

stretch, as shown in Fig. 65, the tin roller is turned through part

of a revolution in the reverse direction, as indicated by the arrow,

sufficiently for unwinding the coils in backing off; the snail, f,

then comes into action, and winds up the chain, b, thereby bring-

ing the top faller wire, a, down upon the threads, w, and depress-
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ing them towards the bottom of the cops. On the back of the

faller shaft, i, is fixed the curved arm, b, against which bears the

locking bar, h ; and when the arm, b, is lifted by the depression

of the faller, a, its extremity is caught by the recess in the bar,

H, which is thrown forwards by the bell-crank lever, k, as shown

Fig. 67. Unlocking Fallci- at the end of winding.

in Fig. 66 ; the tail of this lever having been brought by the out-

ward traverse of the carriage, g, under the corresponding bell-crank,

L, fixed in the end frame of the mule, has previously extended

the spiral spring attached to the bell-crank, l, Fig. (y5, the recoil

of which throAvs the locking bar, h, forwards as soon as the arm,

B, is sufiiciently raised (Fig. 66). The pulley, e, is carried on a
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rocking lever, r, tlie tail of which presses against the stop, s, in

the end frame of the mule during the time that the chain, d, is

depressing the faller (Fig. 65) ; but at the moment when the

locking-bar, h, is thrown forwards to lock the faller-arm, b, the

stop, s, is lowered, as shown in Fig, 66, clear of the tail of the

lever, r, allowing the pulley, e, to yield to the further pull of the

chain, d, until the reverse motion of the tin roller in backing-off

is stopped ; by this means the snail, f (Fig. 65), is prevented

from depressing the faller wire, a, beyond the required distance

down the height of the cop.

" The faller being thus locked, the carriage, c, begins to run
in the opposite direction to that indicated by the arrows in

Fig. 64 ; and while the spindles wind up the threads on the cops,

the faller wire is gradually allowed to rise by the locking-bar, h,

running down the inclined copping rail, m, the curved arm, b,

being kept constantly pressed home in the notch of the locking-

bar by a counter-balance weight or spring acting on the back of

the faller shaft, i, to raise the faller, a. The length of the stretch

or run-in of the carriaire, G, is 63 inches, which is there-

fore the length of the thread to be wound upon the cop, j, at

each time of winding ; and this whole length of 63 inches of spun

thread is wound upon the cop during each stroke of the faller wire.

" The mode of building up the cop in successive stages is shown
in Fig. 68, and in order to allow for the increasing diameter of

the cop, the successive layers of thread are wound upon it in

more open coils as the size increases, as indicated by the dotted

lines, which is effected by gradually increasing the range of the

faller wire ; at the same time the ends of the cop are made of

the conical form shown in the drawing. The length of the range

or " chase " of the faller wire at the commencement of the cop

upon the bare spindles is only from a to b, but this is gradually

increased until the cop has attained its full diameter at c, c, when
the length of range is from c to d ; after which it is slightly

diminished again to the length, e, f, in finishing the cop. For
the purpose of obtaining the requisite motion of the faller wire

for giving these successive shapes to the cop during the winding,

the extremities of the copping rail, m (Fig. 64), are supported

on the two sliding wedges, n and o, which are kept at an in-

variable distance apart by a connecting-rod. In commencing



260 COTTON SPINNING.

the winding of a set of cops upon the bare epindles, as shown at

A, B (Fig. 68), the copping rail is set at the top of the wedges,

and is at its smallest inclination ; and after each successive layer

has been wound on, the two wedges are slided from under the

Fig. 68. Mode of building up copsj half full size.

rail by a traversing screw worked by a ratchet wheel, which is

advanced one or more teeth during each run out of the carriage,

G (Fig. 64). By this means the copping rail, m, is gradually

lowered at both ends, and, at the same time, its inclination is in-
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creased by the outer wedge, n, being made with a rather smaller

angle at the top than the inner wedge, o, for the purpose of

forming the cop with a more gradual taper at the top than at the

bottom, as shown in Fig. 68. This increase of inclination con-

tinues until the cop has attained its full diameter, c, c, and has

assumed the shape, a, c, d ; after which the inclination slightly

decreases again until the cop is completed to the finished shape,

A, c, E, F, by the latter part of the outer wedge, n, being made
slightly steeper than the corresponding portion of the inner

wedge, o, as shown in Fig. 64. The inner end of the copping

rail being the lowest, the winding of each stretch leaves off at

the top ; and at the commencement of winding each stretch the

faller wire puts down the thread to the point at which the wind-

ing of the new la^'er is to be started, about three coUs being

wound on during the descent of the faller, as indicated by the

spiral dotted line from f to e in Fig. 69, and the remainder

during the rise of the faller. When the spindles arrive at the

rollers, p, as shown in Fig. 67, having wound up the 63 inches

stretch of threads, the stop, u, pushes back the locking bar, h,

thereby releasing the faller, a, which immediately rises clear of

the threads, w.

The counter faller wire is carried by the arm, v, from a second

shaft behind the top faller shaft, i, and during the winding it

bears up constantly against the under side of the threads, w, as

shown in Figs. 65 and 66, with a slight pressure from a counter-

balance weight or spring acting on the shaft, so as to ensure

keeping the threads in proper tension ; during the spinning the

counter faller is held up just beneath the threads, but without

touching them, as shown in Fig. 64. The arm, v, of the counter

faller is curved, as shown in the drawing, so as to reach over the

shaft, I, of the top faUer, and also to avoid passing down between
the cops ; and the curved arm, b, on the back of the top-faller

shaft, I, is shaped so as to clear the shaft of the counter faller.

The height of the counter faller wire is employed as a means of

regulating the speed of the spindles in winding in the manner
afterwards explained, so as to avoid the occurrence of any slack

in the threads."

The mechanism of the faller wire having been thus de-

scribed, the next portion for detailed notice is the arrange-
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ment for backing off. The following is the description

and plan (Fig. 70) of the arrangement of the main driving

or rim shaft of the headstock, as given in the same paper.

" The rim shaft, a, carries the large rim wheel, z, or double-

Fig. 69. Extreme inclination of thread to spindle in spinning.

grooved pulley, driving the whole of the mule spindles liv ths

endless cords, x, x (Fig. G4), passing round the pulleys, y, y.

On the boss of the loose pulley, b, is a pinion, c, Avhieh, through

a train of intermediate wheels, d, d, drives in the reverse direc-

tion, and at the required slower speed, the spur wheel and
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friction cone, e, also running loose upon the shaft, a, and

sliding longitudinally upon it. This friction cone engages in a

corresponding hollow cone inside the fast ]ndley, r, to the loose

puUev, B, for the purpose of backing off, the friction cone is also

brought up against the fast pulley, thereby first arresting by fric-

tion the forward motion of the driving-shaft, a, and then giving

it the reverse motion for backing off."

The details of the winding quadrant for regulating the

winding of the threads, by diminishing the speed of the

Fig. 70. Plan of backing-off motion.

spindles, in proportion to the increase of the diameter of

the cops, is shown in Fig. 71. This arrangement, the in-

vention of Richard Roberts, formed an important part of

his self-acting mule, and has continued to the present

time its distinguishing feature. Few, if any, mules of

this class are ever made without it.

" The quadrant, a, turns upon a fixed centre, c, in the frame
;

and a pinion, b, gears into it, which is driven by a band "and

pulley, receiving motion from the traverse of the carriage, g, the
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arrows indicating the direction of motion during the run-in of

the carriage. The grooved arm, d, of the quadrant contains a

double-threaded screw, by which the sliding nut, e, is traversed

outwards from the centre of motion, c, towards the extremity of

the arm, d. When the carriage is at the outer end of its stretch,

the arm, d, stands inclined 12° outwards from the vertical, as

shown bj the dotted lines ; and during the run-in of the carriage,

it turns inwards through an arc of 90°. A chain, f, attached to

tlie nut, E, is coiled round a drum, h, inside the carriage, g
;

and as the carriage recedes from the quadrant arm during the

run-in, the chain thus causes the di-um t© rotate, and thereby

drives the spindles, t, through the intervention of the tin roller,

I, geared to the drum, h. At the commencement of a set of

cops, the nut, e, is at the bottom of the quadrant arm, d, nearest

to the centre of motion, c, as shown dotted ; and the number of

revolutions then given to the drum, h, by the uncoiling of the

chain during the run-in of the carriage is nearly as many as if

the end of the chain at the nut were held stationary, and is

sufficient t© wind up on the bare spindles the length of threads

tspun in one stretch."

" As the cops increase in diameter from their original size,

A, B, to their full diameter, c, c (Fig. 68), the nut, e, is gradually

advanced outwards along the quadrant-arm, d (Fig. 71), so as to

increase its arc of motion, and thereby diminish the number of

revolutions of the drum, h, and the speed of the spindles, t.

This advance of the nut is obtained from the counter-faller, v,

bearing against the underside of the threads, w, during the

winding. The depression of the counter-faller towards the lower

part of the cop, j, brings down the end of a governing lever

upon a horizontal strap, which passes round a pulley, upon the

headstock of the mule, and round another on the centre shaft, c,

of the quadrant ; and on the shaft is a bevel pinion gearing into

a second bevel pinion on the end of the double-threaded travers-

ing screw in the arm, d ; so that when the governing lever is de-

pressed upon the strap of the counter-faller, the forward motion

of the lever, as the carriage runs in, drags the strap along with

it by friction, and turns the shaft, c, forwards, sliding the nut,

E, outwards towards the circumference of the quadi-ant. At the

moment when the backing-oflf motion has ceased, and the carriage
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begins to run in for winding up the stretch of the thread spun,

as shown in Fig. 66, the counter-faller wire, v, is at its highest

working position, compensating for the additional length of thread

that has been imcoiled from the top of the spindle in backing oii

after the spinning of the stretch was completed. The nut, e,

however (Fig, 71), is still at the same distance from the centre,

c, of the quadrant, as it was at the conclusion of winding the

previous stretch ; and, therefore, as the diameter of the cop is

now greater by winding the last new layer of thread outside the

previous one, the winding of the new stretch commences rathej,'

too fast, and begins at once to take up the length of thread given

out in the backing off. The counter-faller, v, is thus depressed,

and, by means of the governing lever, slides the nut, e, further

out from the centre, c, until the speed of the winding is suffi-

ciently diminished to allow the counter-faller to rise again high

enough for lifting the governing lever off the strap. It will be

seen that, in consequence of the arm, d, describing the quadrant

of a circle, the horizontal motion of the nut, e, in the winding ot

each stretch is greatest at the commencement of the winding,

and gradually diminishes as the carriage runs in ; and the effect

of this is that the speed of the winding is gradually increased

towards the end of each stretch. By this means the threads are

wound uniformly upon the cops, with an equal degree of tightness

throughout."

Such was the self-acting mule until within a few years

ago. It was not quite perfect, inasmuch as though per-

forming the principal operations automatically, and with a

considerable degree of accuracy, it was still dependent

upon the skill of the superintending operative for the per-

formance of some of its minor operations. Several of those

that were automatically performed, were also imperfect in

more than one respect. The governing arrangement of

the quadrant nut was neither sufficiently sensitive nor re-

liable for the performance of good work. In both these

respects it has been greatly improved, and has been ren-

dered adaptable for a much wider range of work than pre-

viously. The backing- off* motion was also defective in its

arrangement, and this often caused " snarls " or kinks to
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be produced in the yarn, a fault which it was highly desi-

rable should be avoided if possible, as it seriously depre-

ciated the value of the yarn. This has been accomplished.

A defect in the winding motion, arising from the pecu-

liar form of the spindle, was a long-standing trouble to

spinners, and an almost insurmountable difficulty to in-

ventors. The quadrant winding apparatus was constructed

to form a cop on a spindle equal in its dimensions from the

bottom to the top, and on which the winding throughout

would be equally good. But in this construction the im-

portant fact was ignored—probably at the time regarded

as too small for notice—that the spindle is not of equal

thickness throughout its lejjgth, but is tapered, the thickest

part being the base. If the winding was arranged cor-

rectly for the spindle at the base of the cop, there was a

steadily increasing departure from this point during its

building up, so that towards its completion the winding be-

came so slack as to lead to the entanglement, " halching "

it was called, of the thread at the " nose " or apex of the

cop, which caused a great amount of waste in the subse-

quent process of winding the yarn upon bobbins, or in

reeling it for bundling. This difficulty, too, has been

overcome, and. the aggregate result is a great improvement
in the quality of the work produced from the mule as now
made in the best form. As these involve some of the

nicest problems yet encountered in connection with the

mule, a description of the means by which they have been

solved will not fail to be instructive. In giving this 1 can-

not do better than avail myself ofthe description of the means
adopted by Messrs. Piatt Bros, and Co., Oldham. This was
given in detail in a paper by Mr. Eli Spencer, read before

the Institution of Mechanical Engineers, previously men-
tioned, in which he reviewed the progress that had taken

place since the subject was brought under notice in the

paper by Mr. Piatt, and from which the preceding quota-

tions have been made. This was illustrated by drawings,

which permission has been given to reproduce.

s
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" The backing-off motion has been perfected, its operation

being regulated automatically to suit the position of the cops at

every stage of their progress, from the commencement of wind-

ing to the completed full cop. Formerly this apparatus was

imperfectly manipulated by the minder. The copping apparatus

is now used as the controlling agent for regulating this motion.

This is shown in Fig. 72. It is made with a separate front incline,

D, which is loose, and is governed by an additional front copping

plate, E. Formerly only two points in the copping rail. A, were

capable of being adjusted to the exact positions required

;

whereas by the use of the loose incline, d, all the positions are

now regulated. The advantage gained by this latter arrange-

ment is the power of regulating the precise position of the faller

wire when the faller is locked—a very important consideration.

In the hand mule, when the spindle had depressed the faller wire

to the proper position for winding, and uncoiled the exact

amount of yarn from the bare spindles, he arrested the operation

of backing-off and commenced the winding on. In the self-

acting mule with the copping rail in one solid piece, this impor-

tant object could not be attained. The amount of inclination in

the front was determined by the conditions required to commence
the cop on the bare spindles. At the commencement it was very

important to keep the ' chase ' of the cop, or the height of the

cone, as shown at a, b. Fig. 68, as short as possible, in order to pre-

vent waste in unwinding in the subsequent processes. AVhen the

copping rail was set at the commencement of the cop, the posi-

tion of the faller wire was determined, and set to suit the re-

quirements of the operation ; but as soon as the winding part of

the copping rail assumed the more inclined position to enable

it to wind a longer chase, then the front incline assumed a less

inclined position, leaving the faller wire at the time of the faller

locking in a worse position at each successive draw, until tlie

chase had attained its maximum at c, d, Fig. 68, and had begun

to be gradually shortened again. This was in reality a complete

reversal of the practice of the hand-spinner's operations. For

many years this method was considered quite satisfactory, but

the demand for longer cops, built more firmly, gave the impulse

to the present improvement. The front incline being now made
movable, its position can be regulated so that the operation will
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be an exact counterpart of the hand-spinner's work, when he

made his best cop, and by the use of an apparatus for tighten-

ing the backing-off chain, in connection with the loose incline,

D, on the copping rail, the amount of yarn uncoiled from the

spindles is regulated to suit the position of the faller wire at the

termination of the backing-off. When once set this apparatus

needs no attention from the minder."
" As the copping motion has been previously explained, it is

only necessary here to describe what relates to the loose incline

shown in Fig. 72. The copping rail, a, a, rests at one end on the

front copping plate, c. One end of the loose front incline, d, is

jointed to the ridge of the copping rail by the pin, f, and its

front end rests on the additional copping plate, e, which is

fastened to the copping plate, b, in such a manner that it

can be adjusted to suit the requirements of the loose incline, d.

By varying the form and position of the additional copping plate,

E, the loose incline, d, can be regulated to give any required

results."

" The diagram shows the faller locking arrangements, with

the lock at the bottom of the lever, b (Fig. 72), instead of as in the

former arrangement at the top. The principle is the same in

both systems, the alteration being made to suit the requirements

of other parts of the head stock connected principally with what
are technically called the ' changes.'

"

The means by which the defects of the quadrant ainsing

from the tapered form of the spindle, have been overcome,

is an improvement in the backing-off-chain tightening

motion. A little further explanation of why this is required

may be desirable.

" When the carriage, G (Fig. 72), is making its outward run, the

front or winding faller wire is generally about I^ inch above the

points of the spindles, s. This is also the position of the parts in

ordinary mules, immediately before the operation of backing-off

the spiral of yarn that is coiled upon the bare spindles above

the top of the cop. As is well understood, the reversal of the

tin roller causes it to uncoil this yarn from the spindles and
also brings into action the parts which pull the faller wire down.
In all cases the spindles begin to uncoil before the faller wu-e
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begins to move, because the tin roller must make some little

movement before the backing-off click or pawl can take hold of

tlie ratchet wheel. In addition to this the spindles continue to

uncoil the yarn during the time the faller wire is moving from its

position above the spindle points, until it touches the yarn.

From this it will be seen that a considerable length of yarn will

be uncoiled from the spindles before the faller wire can overtake

the yarn. The spindles thus have the start very considerably,

and at the completion of a set of cops this loss of motion of the

faller wire produces the w^orst results. In the case of a cop with

its nose or point only -f inch from the spindle points, the loss is

nearly one-half the entire motion of the faller wii'e, which moves
as far before it touches the yarn as it does after. To overcome

this difficulty it is necessary to have the backing-off chain tight,

so that it may act on the faller as early as possible ; and the

backing-off snail is made as large as possible and of the proper

form, so that the faller wire may act on the yarn at the earliest

moment.
" At the commencement of a set of cops, the conditions are

very much more favourable ; for, although the space actually

passed through by the faller wire before it touches the yarn re-

mains constant, it bears at the commencement a very much
smaller proportion to the entire distance passed through by the

wire before the faller locks, than it does at the completion of the

set of cops. Consequently the backing-off chain has to be slack

at the beginning of a set of cops, otherwise the speed of the

faUer wire would force the yarn down the spindles faster than it

would uncoil, and would thereby break the thread. Hence the

backing-off chain having been adjusted to the proper length for

backing-off nicely at the commencement of the set of cops, it is

desirable gradually to tighten or shorten it as the cop increases

in length, until at the completion of the cop, the chain is almost

tight. By this means the backing-off can be adjusted all through

the set, so that it corresponds at every stage with the exact re-

quirements of the case ; the nose of the cop is preserved in a

properly firm condition, and neither too much nor too little yarn

is uncoiled. Next to winding the yarn properly on the cop, this

is the most essential condition in making a good cop. AVhere

i^ne apparatus now to be described, which efiects this automati-
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cally, is at work, it is found that very much fewer noses or

points of cops are ' halcbed ' or entangled.

" Referring to Fig. 72, the winding faller shaft, i, has keyed

upon it the backing-off finger, h ; the backing-ofF chain, j, is

fastened at one end to the finger, h, and, at the other end, to

the backing-ofF snail, k, which is mounted with a ratchet clutch

upon the tin roller shaft. The backing-ofF tightening-chain, l,

has one end fastened to the boss of the snail, k, and the other

end to the bell-crank lever, m, the tail of which is shown rest-

ing on an incline, n. This incline slides upon a plate fastened

to the floor ; and an arm upon the front end of the incline grips

the copping plate connecting rod, p, by set screws, the incline,

N, is caused to move backwards with the backward motion of the

rod during the formation of the cop.

" In Fig. 72 are shown the positions of the carriage, g, and the

various parts just previous to the time of the backing-ofF taking

place at the commencement of a set of cops. The backing-off

chain, j, having been adjusted to the proper length for backing

off on the bare spindle, the copping plates, b and c, with the

connecting rod, p, will gradually move inwards or backwards, in

the direction of the arrow, as the cop progresses, and will carry

the incline, n, with them in the same direction. This movement
gradually brings the higher part of the incline, n, under the tail

of the lever, m, causes it to turn in the direction of the arrow,

and so pulls the chain, l, which, in turn, acting on the snail, k,

takes up the slack of the backing-ofF chain, j. The incline, n,

is so made that it can be varied to suit the particular require-

ments of various kinds of mules. The absolute amount of

tightening depends upon the setting of the incline, or upon the

differences of level between its tAvo extremities ; and the rate of

tightening at different parts of the incline depends upon the form

of its outline. By varying the form of the incline, the action on

the chain can be varied to suit any circumstances. When once

set, the apparatus needs no further attention. At the commence-
ment of a new set of cops, the copping plates, b, e, c, are

wound forwards again, into the position shown in Fig. 72, the in-

cline, N, goes with them, and the backing-off chain, j, is restored

to its normal slackness."

It has already been sufficiently explained, that Roberts'
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quadrant winding apparatus admitted of no variation be-

yond the gradual outward traverse of the quadrant nut to

suit the increasing diameter of the cop until the maximum
was attained, after which no further modification took

place. This, however, did not fully meet the requirements

of the case, as no provision was made for the tapered form
of the spindle. Had the spindle been uniform in its dia-

meter, the quadrant in the form Roberts left it would have

been comparatively perfect, but this was not so, and the

increase of the length of the spindle that of late years has

taken place, required to meet the demand for higher speeds

and larger cops, has intensified the evil experienced. The
diameter of the blade, or winding part of the spindle, has

grown to -|- inch in its largest part, whilst it tapers down
to ^ inch at the top. It will be seen from this that the

speed, or rate of revolution, of the spindle, when " nosing" or

winding on the bare portion of the spindle at the early part

of a set will require to be very much less than when at the

finish, and that the acceleration will require to be gradual

throughout the set in order that the nose »>f the cop may be

tightly and firmly wound throughout. This acceleration

of speed, which usually takes place when the carriage in its

inward run is closely approaching the roller beam, requires

to be in a ratio exactly corresponding to the diminution of

the diameter of the spindle. Also its commencement
must be a little earlier with each succeeding draw, so that

at the finish of a set it will commence five or six inches

away from the termination of the inward run of the car-

riage. It is necessary that the time of its commencement
should be nicely adjusted to the position of the faller wire,

as should it begin too early the yarn will be rapidly wound
upon a portion of the top cone of the cop that will take it

up too fast, and so strain or break it, in either of which

cases it will be greatly injured. In fact, yarn was in-

jured in this manner until within a comparatively recent

time. Many contrivances were designed for obtaining this

necessary acceleration of the spindle's velocity, but they



264 COTTON SPINNING.

almost all failed either in obtaining the right degree or in

commencing at the right moment.

" The one most orenerally in use is that called the ' Nose Peg/

This peg, acting on the winding chain, f (Fig. 73), deflects it from

a straight line into a bent line, causing additional chain to be un-

coiled from the winding-on drum, h, and consequently increasing

the velocity of the spindles. This, although an improvement,

imparts but little acceleration ; and the little it does begins too

early—say, about 18 in. from the end of the inward run of the

carriage. Various forms have been given to the peg, but all

amount to the same thing in practice."

Subsequently, in 1863, the nose-peg bracket was con-

verted into a swing lever, which was mounted on the

quadrant. Both this and the successive modifications of

it, until the invention of the scroll-drum nosing motion

(the description of which follows), were merely varia-

tions of means to deflect the winding-on chain. None of

these, however, satisfactorily answered requirements. The
quality desired, and which was essential to a perfect ap-

pliance, was a progressive acceleration of the revolution

of the spindle in a ratio equivalent to the diminution of

its diameter, so that a given length of thread should be

wound upon a smaller circumference in the same time.

The problem, in fact, was an inverse form of that encoun-

t-ered in the slubbing and roving frames, and which in

those instances was solved by the diff'erential motion of

Holdsworth. The difficulty of solving the problem, how-
ever, was complicated by its requirement of an inter-

mittent action of short duration. The last invention

relating to this, and which seems to answer all needs, is

the automatic nosing motion brought out by Messrs.

Platts, and which consists of a scroll placed upon the

end of the winding-on drum, H (Fig. 73). The following

is a description from the paper previously referred to :
—

" When the cop has attained its fiill diameter, c, c, Fig. 68, the

scroll-drum, h, should be in the position shown in Fig. 74, on the
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completion of the inward run of the carriage, G. As the cop be-

comes gradually built up higher on the taper spindle, more wind-

ing chain ought to be uncoiled from the scroll, until, at the

completion of the cop, the chain should be wholly uncoiled, as

shown in Fig. 75. It will be understood that the velocity of the

winding increases in the same ratio as the diameter decreases of

the scroll, h, from which the chain is uncoiled. The amount of

acceleration thus given depends on the quantity used of the scroll

winding-drum, and the character of the acceleration on the form

of the scroll end of the winding-drum. Its range of acceleration

is very much greater than that of any other apparatus yet

invented. Fig. 73 shows the position in which the parts should be

placed to commence with. The quadrant is shown in the posi-

tion in which it stands when the bowl is on the ridge of the

copping rail. The carriage, g, is shown in the position, when it

has made about 12 in. of its inward run. Fig. 77 shows the

quadrant nut, e, with the parts on it in the same position as

shown in Fig. 74—that is, when the cop bottom has just been

completed. The carriage, g (Fig. 74), is shown close up to the

back stops. The quadrant, e, is in its final or extreme outer-

most position for making the rest of the cop. The arrow across

the winding-on drum, h, is in the same position as shown in

Fig. 73—that is, the chain, r, has been uncoiled from the cylin-

drical part of the winding-on drum, until it is on the point of

uncoiling from the scroll part. The arrow-head crosses the

drum Avhere the cylindrical concentric part ends and the scroll

begins. Fig. 75 shows the position of the parts on the comple-

tion of a set of cops. It will be observed that the winding

chain, f, is here uncoiling from the small end of the scroll, h.

" The end of the winding chain, r (Fig. 73), instead of being

merely attached, as formerly, to the quadrant nut, e, is now
wound upon the body of a ratchet wheel, a, on the shaft of

which is also fixed a scroll, i. Another chain, c, coiling on this

scroll, passes thence under and over the stationary pulleys, b and

D, and under the swinging pulley, k, and its end is fastened to

the sliding bracket, l, Avhich slides on the shaper screw, m, of

the copping motion. The pull of the chain, c, causes this sliding

bracket, l,, to press outwards against the front ring of the shaper

frame, which carries the shaper screw, m. The shaper screw is
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turned as usual by the ratchet Avheel, r, which is moved through

one tooth at each lift of the quadrant by the wire, q. The nut,

N, travelling in towards r, along the shaper screw, comes into

contact Avith an inner arm on the bracket, l, as shown in Fig. 74.

and causes it to slide inwards vnth the inward movement of the

nut, and so gradually pulls the chain, c, in the same direction.

The inner arm on the bracket, l, is made adjustible for the pur-<

pose of regulating the time -when the nut, n, of the shaper screw
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stall come into contact with it. The swinging pulley, k, is carried

at the bottom extremity of the lever, p, suspended from the

centre, d ; and on the lever is centered an arm, s, free to turn

upwards, but not downwards. A bracket, t, upon the quadrant

is capable of pushing outwards the lever, p, by means of the

arm, s, when the quadrant is rotating outwards. The steel end

of the winding chain, f, which goes into the quadrant nut, e, is

about 3 feet long. The remainder, or curb part of the chain,

will therefore be shorter than usual, and does not enter into the

quadrant nut at all, and thus escapes the wear it would other-

wise incur in passing round the small anti-friction pulley at the

bottom of the nut, e."

" The parts being properly adjusted, the mode of working is

as follows :—After the first stretch, the governor motion from

time to time moves the quadrant nut, e, further out from the

centre of the quadrant, so as to adjust the winding to the in-

creasing size of the cop. By this movement of the quadrant

nut the slack in the chain, c, is soon taken up, and after the

slack is taken up, the further outward movement of the quadrant

nut causes the chain, c, to pull the bottom of the lever, p, in-

wards. On the return or outward run of the carriage, the

bracket, t, acting on the arm, s, forces the lever, p, outwards

again ; and in so doing pulls a length of chain, c, from the scroll,

I, thereby causing it to turn on its axis and wind upon the

ratchet wheel, a, a length of winding chain, r, which would
otherwise remain coiled upon the winding-on drum, h ; the

ratchet wheel is caught by one or other of two detent catches,

which enter into its teeth. In consequence of the ratchet wheel

in the quadrant nut thus taking up at intervals a length of wind-

ing chain about equal to the increasing distance of the nut from

the quadrant centre, b, the length of chain left coiled on the

winding drum, h, at the end of each inward run of the carriage

will remain nearly the same, until the cop has attained its full

diameter, when the parts should be in the position shown in

Fig. 74, the nut, e, having then reached the farthest extremity

of its travel along the quadrant arm. Till this stage, the sliding

bracket, l, (Fig. 73), will still remain pressed outwards against the

front ring of the shaper frame. About this time the nut, n, on

the shaper screw will come into contact with the sliding bracket,
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as ill Fig. 74, and will gradually draw the bracket inwards, to-

gether with the chain, c, and lever, v ; it will thus draw a

further length of chain, c, from the scroll, i, wind up a further

length of winding chain, r, upon the ratchet wheel, a, and cause

the chain, f, now to unwind not only from the cylindrical, but

also from a portion of the scroll part of the winding-on drum, h.

The repetition of this action gradually brings more and more of

the scroll part of the winding-on drum, h, into operation, until at

the completion of the set of cops (Fig. 75), as much of the scroll

part has been brought into action as the circumstances of the

case require. By causing the nut, n, of the shaper screw to

act sooner or later on the slici ig bracket, l, a greater or less

amount of the scroll on the winding-on drum, h, may be brought

into use. By these arrangements, the winding can be accom-

modated to any form of spindles. On the completion of a set of

cops, the scroll, i, on the quadrant nut, e, should be in the

position shown by the dotted lines in Fig. 73, at the top extremity

of the quadrant arm. Before beginning a fresh set of cops, the

Avinding chain, f, must be uncoiled from the ratchet wheel, a, in

the quadrant nut."

It will be obvious from this explanation, that this inven-

tion is an important one, doing much to remedy the evils

springing from slack winding, arising from the configura-

tion of the spindle. These were not confined to the

entanglement or " halching " of the yarn on the nose of the

cop, but also included the running of the yarn into snarls

or kinks as before stated. These caused a further fault,

as the " twist " in the fibres had a tendency to run together

into these snarls, leaving other portions comparatively

without, which were therefore rendered " soft; " that is,

the fibres no longer being held together by the twist, had
no coherence when subjected to even the slightest strain.

The presence of these faults was a great drawback to the

quality of any yarn. The automatic nosing motion, how-
ever, did not entirely obviate this defect, as a contributory

to its production was found in another portion of the

machine. In the same paper relating to this matter, the

writer continuing says :

—
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" A further improvement in the winding motion has been

effected by a change in the manner of engaging the click with

the click-wheel on the shaft of the tin roller, k (Fig. 76).

Pormerly the movement of the carriage, g, at the commencement

of its inward run, by means of the winding chain, f, drum, h, and

spnr-wheel and pinion, caused the loose click-plate carrying the

click-catch to turn on the shaft, and by means of the click- spring

to make the click-catch engage the teeth of the click-wheel.
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But as the carriage moved inwards on some occasions a little

further than on others before the click-catch could engage the

teeth (owing to the teeth not being ahvays in the same relative

position to the click), this caused the winding to commence in some
runs later than in others ; and as the Avinding always finishes at

the same time, less yarn was wound upon the spindles in some
runs than in others. This was very objectionable, because the

yarn was liable to form into snarls Avhen the winding commenced
later than it should have done."

Flo-. 77. Fig. 78. Enlargement of click and click wheel.

" To remedy this defect, the click, i (Figs. 76, 78), can now be

engaged before the carriage, g, actually begins its inward run,

by a very simple contrivance ; consequently the same amount of

motion is imparted to the spindles in each iuAvard run after the

cop has attained its full thickness, except what is gained by the

acceleration due to the nosing motion already explained. In

the old arrangement the click was engaged by the click moving-

round the click-spring, which at the moment was stationary. In

the new arrangement the spring is put in motion whilst the click

is stationary, one arrangement being thus the converse of the

other. For this purpose, the pivot round which the click-

spring rotates, instead of being as hitherto a portion of a fixed

bracket, is now the centre boss of a lever, i, which swings

loosely on the shaft of the tin roller, k, through a small arc.

This lever is actuated at the proper time by a finger, fixed in the

connecting rod, r, which lifts the " holding-out catch," c. This

rod receives its motion from the " taking-in lever," as it puts

the taking-in friction into gear ; and by means of the lever and
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spring puts the click into gear with the click-wheel ; this stops

the click, and on the carriage moving inwards the winding-on

commences. By this means the winding is more uniform in its

action, the yarn is subjected to less strain, and it is kept freer

from snarls."

Any person who can recall to mind the quality of the

yarn produced about twenty or twenty-five years ago, and

has the opportunity of comparing it with that of the present

day, will be able to estimate the extent of the improvement

that has been made. This has all been accomplished by

the perfecting of details, which looking insignificant in

themselves, in their aggregate have been of the greatest

importance.

The mules just described are for spinning medium counts

of yarns, say from 24's to 50's. It has been seen that in

Hargreaves' jenny one of the leading principles was to

deliver a certain quantity of rove from the " clove " or

clasp when the carriage was " in," and that this was

attenuated by drawing oat the carriage, the spindles twist-

ing the threads during its outward run. It has been seen,

too, that ArkWright's leading and important feature was

to secure this attenuation, or drawing, by means of rollers.

The defects of both of these methods, and the great im-

provement that was effected by Crompton when he com-

bined the two principles in one machine, have been shown.

As he constructed his mule, the rollers were made to

deliver rove during a large portion of the outward run of

the carriage, but before it was completed, say about 3 or

-t inches, these were stopped, and the carriage left to

finish the remainder of the run by stretching the threads.

By this means all the thick and untwisted parts of the

latter were drawn, and rendered approximately even with

the remainder of the draw. The advantage of Hargreaves*

jenny was thus combined with Arkwright's water frame,

and a more perfect thread produced from the mule than

could be obtained from either of the preceding: machines.

At the commencement of the second draw or " stretch,"
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.—the few inches referred to above—the revolution of

the spindles was considerably accelerated, in order to

put into the yarn the requisite amount of twist. This,

however, could not usually be accomplished by the time

the outward run of the carriage was completed, so the

spindles were kept revolving for a short time longer.

As the processes of preparation were gradually perfected,

this " stretch " was diminished, and the speed of the

spindles accelerated during the outward run, so as to

lessen the final pause of the carriage. Subsequently the

desire to increase production led to the invention of

means by which this pause was abolished in mules spin-

ning low and medium counts, while to a considerable

extent the advantage of the " stretch " was preserved.

This was accomplished by further accelerating the revolu-

tion of the spindles, and increasing the speed of the out-

ward run of the carriage, as compared with the rate of

the revolution of the drawing rollers. Let us suppose the

length of a "draw " or distance traversed in the outward

run of the carriage to be 63 inches, this length of thread

will extend from the tip of the spindles to the front rollers.

To spin this length of thread, however, the rollers will

only deliver say 60 inches of rove, but instead of the rollers

being arrested in the delivery of rove as before, they con-

tinue at work until the carriage has completed its outward

run of 63 inches, both operations ceasing together, on which

the carriage immediately commencesits inward run, winding

the yarn as it proceeds, thus accomplishing the movement
without any loss of time. The accelerated speed of the

carriage by which it traverses a distance of 63 inches, whilst

the rollers deliver only 60 inches of rove, is termed " the

g;dn " of the carriage ; and by the introduction of this

change a considerable increase of production was obtained.

In spinning the next higher range of counts, or those

known as medium fine numbers ranging from 50's to 90's,

the above system has not been found to act satisfactorily.

This is probably owing to the yarn being less solidly con-

T
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structed bj the new plan as compared with that in which
*' the second draw " or " stretch," as previously described,

is retained. The stretch has the effect of interlocking the

fibres more perfectly than can be otherwise accomplished

;

and as in the finer counts of yarn there are fewer fibres

than in the lower numbers it is also the more necessary that

this plan should be retained, which it is, in medium fine

and fine spinning.

The mule of Messrs. Platts, above described, which is

constructed for medium counts, is also used for spinning

medium fine counts. In order to do this it is fitted with

a "jacking motion " and a roller delivery motion, by which
the rollers are stopped at a certain and regulated stage of

the draw, whilst the former continues the action of the

spindles, and the outward run of the carriage by which the

final twisting and stretching of each draw is accomplished.

As previously explained, the primary use of the stretching

is to draw down or attenuate those portions of the thread

that may be thicker than they ought to be. These are

easily attenuated, as they do not take the twist readily

until their diameter is reduced to the proper dimensions

;

the second object of the stretch, as just previously intimated,

is to interlock the fibres more perfectly than can be accom-
plished without this process. The necessity for this will

be obvious when the configuration of the fibres is borne in

mind. The length of this stretching, or "jacking," as it

is technically called, varies according to the kind and
quality of the yarn being produced, from nothing up to 4
or 5 inches. It is least in the cases where the cotton is of

short staple, and greatest where the fibre is of the longest

and most even kind, which is the case where it is intended

to be spun into the finest yarns. Practical men prefer an
arrangement for accomplishing this purpose known as the

sun and planet system, holding it to be the best amongst
several competing plans.

Where the system of jacking is adopted, the amount of

twist put into the thread during the outward run of the
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carriage is reduced to the lowest point, in order to admit

of the more perfect performance of the jacking process.

When this point is reached the speed of the spindles is

greatly accelerated, which has the effect of contracting the

thread in the direction of its length, this being a well-known
effect of twisting. With the stretch, and the contraction

of spinning, there is, therefore, a risk that the yarn may be

overdrawn and broken ; to provide against this an arrange-

ment has been introduced to set the rollers again in motion

and make them deliver very slowly a small portion of

roving, by which the danger of breakage and other in-

jury to the yarn, is avoided. This arrangement is known
as " the jacking delivery motion of the rollers." There is

still another arrangement by which the rollers are started

a second time and made to deliver a small amount of

roving during the inward movement of the carriage, when
the spindles are winding up the spun length of the threads.

This is known as " the winding delivery motion of therollers."

The amount of roving delivered can be regulated according

to desire ; it is usually 3 or 4 inches. Whatever the length

may be, it increases the length of the draw by an equiva-

lent amount, and thus adds to the production. This

system is found very beneficial in spinning fine yarns, and

is in general use.

For spinning the next class of yarns, otherwise the finest

numbers, ranging from 80's warp yarn upwards, and 90's

weft upwards, the hand mule has been retained to a great

extent. Though, however, this is the case, owing to the

numerous improvements that have been introduced, the

name itself has become almost a misnomer. Great pro-

gress has been made in rendering its various movements

automatic, or self-acting, to the fullest extent allowable

where it was still essential to retain the sensitive touch or

control of the hand of the human operative. But this

necessity is becoming less and less absolute, as mechanical

invention conquers one problem after another, and arrange-

ments are devised that perform with equal skill and greater
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reliability the delicate operations that have hitherto needed

the keenest observation, and the trained hand of the ac-

complished spinner. The appliances thus introduced for

attaining these ends differ in the machines of various

makers, but as all substantially serve the same purpose

the description of one will be sufficient. In giving this,

several reasons dictate the selection of the one made by
Messrs. Piatt Bros., described in Mr. Spencer's paper read

before the Society of Mechanical Engineers, and previously

quoted from. In his description of the mule for spinning

fine counts, Mr. Spencer says :

—

" The hand-spinner, when backing-off, brings the faller down
upon the yarn before he reverses the spindles, so as to uncoil the

yarn from tliein ; and the moment the faller touches the yarn

both motions act togetlier. To obtain this result with the self-

actor, the winding faller, i, is depressed by the arm, h, and in-

cline, T (Fig. 79), just before the carriage, g, completes its out-

ward run. At the same time the slack in the backing-off chain,

J, caused by this movement is taken up by a modification of the

apparatus used for regulating the backing-off chain in the self-

acting mule for medium counts previously described. The back-

ing-off snail, K, chains j and l, and bell crank lever, m, remain as

shown in Fig. 72. But instead of the tail of the lever, m, bearing

as before upon the slide of the lever, n, it is here made to bear

upon an inclined arm, u, hinged to a stationary bracket and it is

the free extremity of this arm which bears upon the sliding in-

cline, N. The elevation of the arm, u, is thus gradually increased

as the incline, v, is traversed inwards by the copping plate con-

necting rod, p, so that it may give the exact amount of tighten-

ing motion required for the backing-off chain, j, at each stage of

the cop's progress. In order further to modify the backing-oflF

so that it may be suited to the form of the spindles, the eccentric

pulley, V, is introduced, and the backing-off chain, j, is divided

into two half lengths : the upper half coils upon the boss of the

pulley, V, while the other half, attached to the backing-off snail,

K, coils upon the eccentric rim. The depression of the winding

faller, i, is uniform all through the formation of the set of

cops ; but the position of the locking lever, r, and its parts is
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constantly varying M'itliin small limits, and the compensation re-

quired to meet the variations is provided for bv this modification

of the motion previously described. By these means a -sery

delicate action in the backing-off is obtained. The finer the

counts of yarn to be spnn the slower is the velocity of the

spindles when backing-off.

• " The yarn having been backed-off from the spindle and the
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faller, i, locked, it is now necessary to wind the yam on the cop,

beginning at the point, or nose, and winding it down to the base

of the cone, in preparation for winding upward from the base of

the cone to its point. A special apparatus has been introduced

into the quadrant motion, to perform this operation in the fine

spinning mule. It must be explained that fine yarns are

generally doubled after being spun; and for this purpose the

cop is mounted on a steel skeAver, and placed in the creel of a

doubler in a slightly inclined position, free to tui-n in the creel

and allow the yarn to be uncoiled from the skewer. When the

yarn is unwinding from the small part of the cop down to its full

diameter, the action goes on all right, because there are many
turns of yarn to uncoil, and the cop gradually turns on its axis

more slowly as the diameter increases. About fifty inches of

yarn are uncoiled by the time the full diameter is reached ; but

in uncoiling the next ten inches of yarn there is a rapid increase

in the speed of the cop in consequence of returning so quickly

in a few coils from the full diameter to the small diameter at the

nose of the cop. This causes the cop to be jerked round too

quickly : it then overruns itself and is very liable to break the

yarn. The hand-spinner can regulate the number of coils at

pleasure, and in practice it is found that about six coils in the

height of the cone are sufficient to prevent the cop being jerked

round too quickly when afterwards unwinding in the doubler

;

but to obtain this result by self-acting means is very difficult

;

and only one solution has been found for it.

" The quadrant motion as originally used is capable ofgiving an

accelerating motion only ; but the true requirements of the case

demand that it shall be first a diminishing and then an accelerat-

ing one, because the Avinding in each stretch commences on the

sPiiallest diameter, then winds down to the largest diameter or

base of the cone, and then upwards again with close coils to the

smallest diameter, or nose. In practice, however, this has never

been fully attained. It is found that by the yielding of the

counter faller a compromise is made between the demands of the

small and large diameters when winding down to the base of the

cone, and as this is only the initial stage of the winding, no harm
is done, because there is compensation enough in the rest of the

winding, which is regulated to suit the exact requirements of
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each stretch. But bj the ordinary arrangement of quadrant,

after the cop has attained its full diameter, it is impossible to

wind more than four and a half coils of yarn upon the spindle,

during the time it is winding from the point of the cop down to

the base of the cone. The front incline of the copping rail, a,

(Fig. 72) has been lengthened to 15 inches, and in some cases to

18 inches (the inclination being diminished, so as to preserve the

same absolute rise in the longer incline), under the impression

that a greater length of yarn would thereby be wound on the

spindles during the putting down of the winding faller. It is not

from this, however, that the defect arises ; but simply from the

want of a sufficient number of turns in the spindles. If a long

incline is used the result is simply that the counter faller rises

very high and takes up the slack yam that ought to have been

coiled upon the spindles ; but when the spindles receive the

necessary amount of motion it is found that ten or twelve inches,

length of incline is sufficient for enabling six or seven turns of

yarn to be coiled on the spindles during the putting down of the

faller.

The quadrant is governed by a grooved rope drum, u (Fig. 73),

on the quadrant shaft, this drum receiving its motion from the

travel of the carriage, G. Ordinarily this drum is a concentric

cylinder, so that if the motion of the carriage is uniform, the

rotation of the quadrant shaft is uniform, and the angular motion

of the quadrant is nniform also. If, at the commencement of

the inward run of the carriage, the relative speed of the quad-

rant in the same direction be reduced, it is evident that more
of the chain, r, will be uncoiled from the winding-on drum, h,

and more motion will be given to the spindles. This is accom-

plished by altering each end of the cylindrical drum into a

variable scroll of considerably larger radius than the middle

portion of the drum which remains cylindrical as before. When
the carriage begins to move inwards, it uncoils the rope from

the larger radius of the scroll, and consequently imparts a slower

motion to the quadrant shaft, and to the quadrant ; hence the

spindles revolve quicker, and the necessary number of coils of

yarn can easily be coiled on them during the putting down of

the winding faller. In Fig. 72 the ropes are shown, not upon the

scroll part, but upon the cylindrical part, in order to correspond
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with the position of the carriaoe. By the time the large diameter

of the cop is reached the rope begins to uncoil from the cylin-

drical part of the drum, and no further modification of the wind-

ino; motion takes place until the nosing motion comes into opera-

tion. When once adjusted no further attention is required fi'ora

the spinner. Old spinners long declared it impossible to attain

this result by automatic means.

To enable the counter faller to act quickly without straining

*.he yarn, its shaft is now mounted on anti-friction pulleys, and

this is found to work advantageously. The hand-spinner could

wind the yarn upon the cop without moving the counter faller

;

but for reasons already explained, this is impossible in the self-

actor, the counter filler playing a very important part in the wind-

ing, &c. Special arrangements are used in the couplings of the

winding faller and counter faller, and in the position of the

counter faller relative to the winding faller, but these cannot be

dwelt upon here."

In spinning all classes of yarns, the regulation of the

two faller wires is of the greatest importance in the pro-

duction of good work. Should their action not be exactly

opportune or harmonious, the yarn is either strained,

broken, or left slack, when it runs into snarls, all of which

are serious defects, and detract very greatly from the value

of the yarn. The automatic regulation of the fallers in

all their positions has proved a problem of the greatest

difficulty, which it has tasked the ingenuity of inventors

to the utmost to solve. The imperfect manner in which it

was accomplished rendered it impossible to spin finer yarns

than the lower or medium counts upon the self-acting mule
for a long time after its invention. Its gradual improve-

ment, however, in this respect has enabled this mule to be

successively adapted to higher and higher counts, until it

is becoming a formidable rival to the hand-spinner in the

higher numbers. The statement of the problem as it

affects fine spinning and the means by which it has been

Bolved are given as follow, by Mr. Spencer, in the paper

above referred to:

—
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" The ivinding'faller lifting motion.—The carriage having

arrived at the termination of its inward run, it is necessary to

lift the winding faller, and then to coil the remainder of the

unwound yarn upon the bare spindle, preparatory to commencing

the spinning again in the outward run. This is the most impor-

tant operation performed by the spinner. He allows the carriage

to arrive at tlie end of its inward run before he begins to lift the

faller; the spindles are then in their nearest position to the

rollers, consequently there is the shortest length of yarn left to

be coiled upon the spindles. The relative position of the

spindles and rollers, as well as the inclination of the spindles to

the rollers, varies with the counts spun, within well-detined

limits ; the finer the counts the greater the inclination of the

spindles to the rollers, and the more obtuse, therefore, the angle

made by the spindle and thread just at the commencement of the

outward run of the carriage.

" The winding on of the yarn during the run-in of the carriage

requires to be regulated so that at the end of the run-in just

sufficient yarn is left to coil on the bare tops of the spindles,

<vithout either stretching the yarn or leaving it slack to run into

snarls. This is the problem to solve. The spinner having

regulated the winding during the run-in so that the proper

amount of yarn was left to coil upon the bare spindles, brought

the carriage to a stand-still, and then slowly lifted the winding

faller, while at the same time he regulated the winding so that

the yarn was coiled on tiie taper spindles. As soon as the faller

was free from the yarn, he allowed the carriage to start on its

outward run for another stretch. He performed these operations

with more or less rapidity according to the counts of yarn to be

spun. On the medium counts the movements follow each other

with almost the same rapidity and regularity as in the ordinary

self-acting mule ; but as the counts become finer, the division of

the operations becomes more marked and deliberate. This is

especially so in the ' Box Organ Hand IMule,' in which the

spinning does not commence until it is set in motion after the

completion of the faller lifting. The momentum of the various

parts is completely under the control of the spinner, and is

practically destroyed.

" In ordinary self-actors the unlocking of the faller takes place
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during tlie run-in of the carriage, but at as late a pericrd as

possible. The carriage when near the termination of its inward

run, brings the end of the locking lever in contact with the

fixed unlocking bracket, and forces the locking lever out of con-

tact with the copping parts of the mule. After the faller is thus

unlocked the copping rail has no further control over it. It will

be understood from the preceding explanation that the unlock-

ing must be completed before the termination of the inward run

of the carriage. In determining how late it is safe to unlock the

faller, allowance has to be made for the variations in the speed

with which the carriage runs in, owing to the variation in the

speeds of the engines and to the condition of the taking-in bands,

which ajQfect the momentum of the various parts, causing the

carriage sometimes to strike against the backstops very heavily,

and at other times to scarcely touch them. This variation affects

the unlocking very materially, and causes the faller to be un-

locked irregularly. In well constructed mules these variations

are reduced to a minimum, but they are never entirely eliminated.

The result is, that more slack yarn is left unwound than is

required for coiling on the spindles.

" In the apparatus shown in Fig. 80 the operation is effected in

the folloAving way. Instead of the unlocking bracket, a, being a

fixture, as ordinarily used, it is here mounted on a sliding-bar,

which is hinged to the weighted bell-crank lever, b, tending

always to throw the stop, a, forwards into the position shown full.

Suitable arrangements are made for restoring this apparatus to

its normal position, shown dotted, after it has unlocked the

faller, i. When in position for unlocking, as shown dotted, it is

held back by a catch, c, also of bell-crank shape ; this catch is

liberated bv the carriage, g, striking against its tail at the proper

time, but always near the termination of the inward run. The
locking lever, b, and its connected parts remain as usual. The
unlocking stop, a, is set back, as shown dotted, so that the

carriage can go close up to the back stops without unlocking the

faller : but the carriage directly forces the unlocking. On the

carriage liberating the catch, c, Avhich holds back the unlock-

ing stop, a, the weighted lever, b, falls, and throws the stop for-

wards against the tail of the locking lever, r, and thus unlocks it

just as the carriage completes its inward run. By setting the
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catch, c, to be liberated sooner or later by the carriage, the

faller can be unlocked at the proper time. In practice it is

found that the roller and carriage motions are engaged, ready

for another stretch, before the faller, i, has lifted clear of the

yarn as it is coiling up to the point of the bare spindle. By
these means the winding on of the yarn upon the cops is pro-

mg motion.

longed to the latest period preparatory to coiling the remainder
of the yarn on the bare spindle.

" In the ordinary self-actor as soon as the faller is unlocked
the yarn is allowed to be coiled on the bare spindle by the mo-
mentum acquired by the spindles during the run-in of the

carriage, the faller wire being raised quickly out of the way by
the lifting springs. The results are very irregular ; sometimes
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snarls are wound on, and sometimes tlie yarn is stretclied or
" cut " as it is called. In the arrangements illustrated in Fig. 80,

the tin roller, k, which drives the spindles, s, is connected with

the faller shaft, j, positively, by a train of gearing, so that the

tin roller controls the motion of the faller during its rise. The
relative motions of the tin roller and faller are not always the

same. The motion of the tin roller being assumed as uniform,

the motion imparted to the spindles will be uniform also ; but in

order that the yarn may be guided so as to coil nicely on the

bare spindle above the cop, it is obvious that the faller wire

must rise most quickly when winding on the largest diameter of

the spindle, and the rate of rising must graduallv diminish as the

spindle decreases in diameter towards the top, thus producing a

tapering spiral of yarn on the spindle. To obtain this result a

pair of volute wheels are employed, which convert the uniform

motion of the tin roller, k, into a variable motion of the faller

sbaft, J. This connection of the tin roller and faller shaft must,

however, be continued only during the lift of the faller, because

the tin roller first set in motion to turn the spindles for lifting

the faller, continues in motion during the whole of the outward

run, and until the backing-off takes place, whereas the faller

must stop rising almost immediately it has coiled the yarn up to

the top of the bare spindle.

"The following is accordingly the mode of action. A hollow

friction cone, d (Fig. 81), is keyed fast on the shaft of the tin

roller, k. Loose on the same shaft is a solid friction cone,

covered as usual with leather, and capable of being slid along

the shaft into and out of gear with the fast cone. Cast to the

loot^e cone is a pinion, j, gearing into the carrier wheel, e, and
having a deep flange cast on its outer end; its teeth are also

wider than the teeth of the carrier wheel, e, to allow of its

sliding far enough for disengaging the loose cone from the fast

one. On the outer side of the carrier-wheel rim is cast an in-

clined cheek, t, capable of bearing against the inside of the

flange on the pinion, j, and so di-awing the loose cone out of

gear. This pinion has also a groove cut into its boss, into

which fits the fork of the engaging lever, r, weighted with a

counter-weight, which ahvays tends to slide the loose cone into

contact with the fast one, and so engage them together. Now
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it will be obvious that the lifting motion should be brought into

action immediately the faller has been unlocked. If it were put

into action too soon, one motion would be acting against the

other, and a breakdown would be the result, and if too late it

would be useless. To insure both motions Avorking in harmonv,

the unlocking of the faller is made to liberate the weighted en-

gaging lever, r, and thus allow it to put the friction cones into

gear. This is accomplished by means of the connecting rod, h,

which forms a lock for the end of the connecting rod, l, the

latter being coupled to the weighted engaging lever, r. The

Faller lifting motion
;
plan.

two rods work at right angles to each other. On the unlocking

of the faller at the end of the inward run, the connecting rod, h,

which is worked from the faller lever, r, is pulled forward in the

direction of the arrow, nntil it releases the stud on the other

connecting rod, l, and so liberates this rod and the weighted

lever, f, Avhich at once throws the friction cones into gear. As
soon as the friction cones are in gear, the faller, i, begins to be

lifted, motion being communicated to it in the proper ratio from

the tin roller shaft, k, by the volute axes, n, n. By the time

the faller is lifted clear of the yarn and its work done, the in-

cliijed cheek, t, on the side of the carrier wheel, e, has be^un to
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bear against tlie flange of the pinion, j, and forcing it ontwards

by its wedge action, draws tlie friction cones asunder, and thus

severs the motion from the tin roller to the faller. This action is a

Tery beautiful one. Self-stopping couplings to the cam shaft

are common, but these stop during less than a revolution of the

shaft. For the above purpose the stopping must be effected any-

where between a part of a revolution, and three revolutions or

more ; no two draws are alike, since as the cop is built up, less

and less of the spindle is left bare, and therefore the faller has

to be lifted less, and the lifting motion must be disengaged

earlier. By setting the inclined disengaging check, t, of the

carrier wheel, e, so that the disengagement takes place imme-
diately the faller has risen clear of the yarn, it is always safe.

The arc through which the faller has to be lifted i? compara-

tively small, say about 80°, when beginning a set of cops, and

becomes gradually less until it is only about 30° on the comple-

tion of the cops.

" When the spindles are backing-off, the putting down of the

winding faller by the backing-off chain reverses the train of

gearing, and removes the inclined disengaging cheek of the

carrier wheel, e, from contact with the flange of the pinion, j.

This action would allow the friction cones to be thrown into

gear again by the weighted lever, f. The carriage, G, when
near the termination of its outward run, brings a part of the

lever, r, against the stop, so as to be held by it. The greater

the arc of motion ofthe faller during the backing-off, the greater

is the motion of the carrier wheel, e, the further is the inclined

check, T, upon it removed from the flange of pinion, j, and the

more revolutions are made by the pinion. Whether the faller,

I, moves through a large or small arc, therefore, it is always

liberated from the control of the tin roller at the proper time.

The whole operation only occupies about one second. It is the

short time allowed which forms one of the diiUculties of this

difiicult problem.
" The stop, M (Fig. 80), which keeps the friction cones, d, out

of gear during the backing-off, keeps them so until the lock, r,

of the faller, sliding the connecting rod, h, inwards, locks the

connecting rod, l, as explained before, and so holds up the weighted

engaging lever, f.
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" Another important feature of this operation is tlie speed at

which the parts are alloAved to work. The speed of the spindles,

at the termination of the outward run, is too quick to allow of

the use of the positive gearing already described, as it is found

impossible to engage the parts sufficiently (quickly. This difficulty

is further increased by the spindles being quickened to the

spinning speed directly the carriage finishes its inward run ; for

it is impossible to rely upon the momentum of the spindles for

continuing their rotation during the lifting of the faller, the

results being too variable. To overcome this difficulty, an extra

driving belt, called the taking-in belt, is used for driving the

self-acting pulley. This belt has generally about half the speed

of the main rim-shaft belt, both belts working on pulleys of the

Fig. 82.

same diameter on the rim-shaft. Fig. 82 is a plan of the head-

stock carrying the main driving or rim-shaft, r. The quick

driving-belt runs on the fast pulley, a, and the loose pulley, u,

whilst c and d are the fast and loose pulleys for the slower belt.

Both belts receive their motion from the counter shaft, s

(Fig. 83).

" The cam shaft has three changes in this mule. When the

carriage is making its outward run, the quick belt is on its fast

pulley, A, and the slow belt on its loose pulley, d. At the proper

time, the cam shaft makes its first change, the rollers are stopped,

and, when the proper amount of twist has been put into the

yarn, the twist motion disengages the catch, whicli holds the

^uick belt on the fast pulley, a, and allows a spring to shift it
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Upon the loose pulley, b. This allows the backing-ofF to take

place in the usual way ; after which the carriage is caused to

make its inward run, and, just before the termination, causes the

cam shaft to make a second change, and shift the slow taking-in

belt upon its fast pulley, c, whereby the rim-wheel, w, is then

driven at a comparatively slow rate. It is whilst this slower

speed has the control of the mule that the lifting apparatus does

Fig. 83. Driving belts and pulleys.

its work. The slower belt, when first shifted to its fast pulley,

acts as a kind of brake on the momentum of the rim-shaft, k,

and can be relied upon to give the same retardation in every

stretch. When the winding faller has lifted nearly clear of the

yarn, a finger on it comes into contact Avith the cam-shaft escape-

ment, and allows the cam shaft to make a third change, which

shifts the slow belt back from its fast pulley, c, to its loose

pulley, B, and then shifts the quick belt on to its fast pulley, a,
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causing the spinning to go on at the proper speed. So rapidly is

the whole operation performed that it is impossible to see the

change in speed from the slow to the quick belt, though, of

course, it is easy to see the movement of the belts from one

pulley to the other. The slower the operation, the more per-

fectly is it done ; but it is found to be well done with spindles

running at 1,500 revolutions per minute.
" During the outward run of the carriage, the various parts are

replaced in their proper positions for repeating these operations.

An apparatus is also used by which the winding faller, during

the time it is being lifted, is enabled to govern the counter

faller in such a manner that the counter faller is free to take up
the slack yarn, if any, made during the rise of the winding

faller, and Is depressed below the yarn as usual, before the

spinning commences again. Double speed motions are still

used for the finest counts ; but as this element would render the

previous explanations more complex, it has been purposely

omitted."

The preueding description of the parts of this wonder-

ful machine, and of the function ofeach part, is so clear and
full, that the student carefully reading it cannot fail to

easily comprehend it ; and the firm from which it emanates

stands so high in the trade that it may be accepted as of

indisputable authority.

A few remarks on fine spinning on the self-acting mule
will appropriately close this chapter. Until within about ten

years ago the prevailing opinion appeared to be that, how-
ever perfectly the self-acting mule might do its work in low

and medium numbers, it could never be adapted to the pro-

duction of very fine counts. The purely mechanical and

inftexible nature of its movements would prevent its yield-

ing in the slightest degree when, as was often the case in

fine spinning, conditions required that this should be done.

In the self-acting mule experience had shown that the

carriage terminated its inward run towards the roller beam
at such varying rates of speed that sometimes the back-

stops would hardly be touched, whilst at other times they

would be struck with such force as to cause great vibra-

u
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tion througliout both carriage and roller beam. This

would break down every thread were high numbers
being spun. With hand spinning, on the contrary, the

spinner could conduct the carriage home so gently as to

avoid the final concussion, whilst even if it did occur he

could wait until all vibration ceased before re-commencing,

by which breakages would be obviated. The self-acting

mule, however, being mechanical, could take no cognizance

of this varying requirement. Again, the management of

the faller wires by a good hand spinner was such as to

prevent the breakage of the threads, but against the me-
chanical action of the faller in the self-actor, the resistance

that could be offered by the threads, though sufficient in

low and medium counts, would be quite insignificant in

the highest counts. Experience for a long time seemed to

justify these conclusions. The nice balancing of parts

necessary to secure this sensitiveness in the machine, and
its accurate performance of the various changes required

to be made, were held to be points unattainable in the

requisite degree of perfection in the self-actor. In spite,

however, of this general opinion, these difficulties have

been overcome, and to-day self-acting mules are at work
spinning yarns as high in number as 350®, and which, with

the requisite improvement in the preparatory processes,

there is no reason to think will not be capable of spinning

the highest numbers required. An old-established and

eminent firm of machinists in Bolton, Messrs. Threlfall and

Co., who have long made a speciality of fine mules, have

succeeded in overcoming all the obstacles encountered, and

have machinery from their establishment at work both in

Lancashire and on the Continent producing as good or

better work in the highest numbers than can be obtained

from the hand mule. Thus the old organ-mule, which

has so long held its ground as the best for this purpose, is

being superseded, and will probably soon have disappeared.
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CHAPTER X.

Throstle and Ring Spinning. Doubling.

The throstle, an improved form of Arkwright's water frame.—De-
scription.—Attempts to improve it. — The l3anforth throstle.—The
Montgomery throstle.—Sliaw and Cottam's improvement.—Doffing, an
expensive process ; Bernhardt's doffing arrangement ; the throstle ceased

to be constructed.

—

The Ring Frame ; its popularity.—Defects of the

throstle, the origin of the ring frame.—The throstle in the United
States ; reasons for its prevalence there.—Invention of the King Fi'ame.

—Practical defects in it ; its rejection in England.—Its improvement,
and re-introduction.—Success as a doubling frame.—Slow acceptance

as a spinning frame.—The Booth-Sawyer spindle ; the Kabbeth spindle.

—The ring spinning frame for warp yarn ; description
;
process of

spinning ; the traveller ; the ring ; the lifting chain ; the lift of the bobbin.

—Description of the Rabbeth spindle.—Doffing ; the mechanical doffer.

—Inclined arrangement of the rollers.—Ballooning.—The anti-balloon

ring.—The traveller clearer.—Increasing popularity of the ring frame.
—Its use for spinning weft in the United States ; the weft frame in

England and on the Continent.—Doubhng.—Doubled yarns.—The
throstle doubling frame; disadvantages.—Improved throstle doubling
frame.— Characteristics of throstle-doubled j^arns.—The twiner.

—

Yarns from the twiner.—The ring doubling frame; its popularity.

—

Description.— The English and Scotch systems.

THE throstle is the second of the mechanical spinning

frames calling for notice. As, however, in its principal

form it seems likely to be superseded at an early date, a

brief description will suffice.

This frame is simply an improved form of the water

frame of Arkwright, and a gradual development from it.

Compared with the latter, the changes introduced were

that all the rollers upon each side were connected and

actuated by a train of wheels driven from its first motion

shaft. The method of driving the spindles was also im-

proved by the introduction of the horizontal cylinder,

which, as already pointed out, was one of the first im-

provements made in Hargreaves' jenny. The spindles
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were furmshed wifcli small pulleys or wharves, accordingly

as tapes or bands were employed for driving them. The
latter in construction were precisely similar to those of the

spindle of the single thread spinning wheel, and which

Hargreaves had adopted in his machine. Arkwright
adopted the wider pulley, in order to obtain more perfect

driving. The flyer of the throstle was constructed as in

the later form of the water frame, fitted for winding with

a traverse arrangement or lifting rail. The legs were solid,

with curled or twisted extremities. A piece of wire twisted

somewhat like the curl of the leg was mounted on the top,

to serve for the eye. From this eye the thread descended,

passing around the leg in its course to the curl on its ex-

tremity, and thence upon the bobbin. The bobbin was not

driven positively, as in the bobbin and fly frames already

described, but was fitted loosely upon the spindle, and

pulled round by the thread, which, owing to the greater

amount of twist put into it, was strong enough for the

task. The winding was accomplished by placing the

bobbin to rest upon the traverse or lifting rail, and retard-

ing its movement by means of cloth washers. This caused

its rate of revolution to fall behind that of the spindle

just to the extent that the attenuated rove was supplied by

the front or delivery rollers to the spindle. The alternate

ascent and descent of the traverse rail filled the bobbin

with a succession of even layers. The traverse of this rail

was effected by means of a heart-shaped cam, with cranks

and levers, an arrangement then and since known as the

heart motion. Such was the throstle frame in its earlier

form. Subsequently numerous improvements of details

took place in its construction, which, as in the case of the

mule, brought it to a high degree of perfection some time

ago. The old name of water frame, which had been con-

ferred upon Arkwright's machine, was superseded early

in the present century by the new one of throstle, at oi'

about the time when the steam engine displaced the water

F'heel as a motor.
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In this state the improved machine was adopted and
extensively employed by the trade for the production of

special classes of yarns required in both the home trade

and for export, and in which solidity and strength were
essential qualities. In its best form, as constructed at

present, it is very suitable for this purpose. In appear-

ance it differs little from the roving frame, except that its

parts are smaller, and its spindles more numerous. The
latter have usually had a velocity of 3,000 to 5,000 revolu-

tions per minute ; though of late years this has been ex-

ceeded, the rate attained having latterly been from 5,000

to 7,000 revolutions. It is, however, questionable whether

this higher velocity is not, when considered from an

economical point of view, and in relation to its un-

improved form, an impracticable rate. In the older form

of the frame the spindles were driven from a central shaft

placed within, and extending the length of the frame, and
which carried a driving pulley at one extremity. This

shaft was fitted with a tin cylinder, from which motion

was transmitted by means of endless cotton bands to the

spindles. Each spindle carries a small wharve, and is

supplied with a flannel, leather, or cloth washer, which is

put upon it, and passed down to the top of the traverse

rail. The flyer is mounted upon the top of the spindle.

When ready for work, a bobbin—a small, short tube,

flanged at each end—is placed upon each spindle. These

flanges are respectively called the head and bottom of the

bobbin, and differ in shape, the top one being slightly

convex, and the bottom one concave on their outer sur-

faces. The concave form of the bottom causes the bobbin

as it were to stand upon a ring coincident in its dimension

with the circumference of the flange. It is constructed

thus in order to diminish the friction surface, and so lessen

the strain upon the yarn. The bobbin fits loosely upon
the spindle, and rests upon the cloth washer. The bolster

rail, in many cases, also constitutes the traverse rail ; in

others, there is an independent traverse rail. The func-
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tion of tlie traverse rail is to carry the bobbin up and
down the blade of the spindle, the length of its tube, or

rather the space between the top and bottom flanges, in

order to wind the yarn in even layers upon the barrel.

This is called its "lift," and its dimensions differ accord-

ing to the nature of the requirement. This method of

building up the yarn is known as the cylinder build, as

distinguished from the conical build seen in the construc-

tion of the cop upon the mule. The traverse is uniform
in its length. The twist is put into the attenuated rove,

as it leaves the delivery roller^, by the revolution of the

spindle and flyer, the thread passing through the top of the

latter, and thence around its leg and to the bobbin. The
latter being in only slight contact with the spindle has a

constant tendency to fall behind it in speed, were it not

pulled along by the attached thread. As, hov/ever, the

latter is being delivered by the rollers, the bobbin drops

behind to such a distance as to take up the yarn as spun.

When filled, the set is dofied, and the frame again supplied

with empty bobbins. In performing this operation the

flyers have to be removed from the tops of the spindles,

the full bobbins replaced by emjDty ones, the yarn to be

attached to the latter, the flyers replaced, and the frame re-

started. In an ordinary size of frame dofiing occupies

from four to five minutes.

Few of the numerous attempts that have been made to

improve the throstle have been successful to any impor-

tant extent, and its present state of perfection is more the

result of improved construction of its parts than of any

thorough change of principle. The Danforth throstle, an

American invention, in which some radical changes were

introduced, was brought before the notice of the trade

about the year 1828, but a short experience soon revealed

the fact that these were not improvements. Mr. Henry
Gore's improvement was the next that demanded public

attention, but the advantages claimed from this were soon

found to be more apparent than real. Axon's and Brown
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and Powell's followed next in attracting notice, but both

were soon disregarded as not approaching in practice the

claims made on their behalf.

The Glasgow or Montgomery patent throstle was, like

the Danforth, of American origin, though considerably

improved by Mr. Robert Montgomery, who patented it,

and by whose name it was usually known in this country.

Great expectations were also entertained of this invention

for some time, but they were destined to remain un-

fulfilled. Its speed was greater, and its production much
larger than that of the common throstle. Its chief

features were a dead spindle and a rapidly revolving flyer,

which had the further peculiarity of being closed. The
common throstle bobbin was used in one arrangement,

whilst in another, in which the spindle was made to re-

volve, it wound the yarn upon a tube in the form of a cop.

Many other inventors attempted improvements in this

machine, but with small results, until Messrs. Shaw and
Cottam of Manchester, in 1848, introduced the plan of

driving the spindles by means of two tin rollers in place of

one—a plan which prevails to the present day. This was
a great improvement, as by its means the bands were
enabled to be brought upon the spindle in a horizontal

line, instead of at a great angle as before. A further ad-

vantage was that the machine, which had hitherto been

made of great width, in order to diminish this angle, could

be contracted in this respect. This plan has to a great

extent superseded " tape " driving.

Doffing, which occupies four or five minutes, and occur-

ring frequently entails a great loss of time, is an expensive

process. Efforts, therefore, have often been made to invent

a mechanical doffer ; but the only one which has been ap-

proximately successful is a doffing motion invented by Mr.
Bernhardt of Radcliffe, by which the process is accom-
plished in less than a minute. This plan, however, has

not been extensively adapted to the common throstle, per-

haps owing to the great importance the system of ring
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spinning began to assume soon after the former invention

was introduced to public notice. The principle of this

doffer has, however, been adapted to the ring frame by

Mr. S. Brooks, who has acquired Mr. Bernhardt's interest

in the patent. The most recent improvement in the

throstle frame is that which is known as the Ashworth long

collar, from the name of the inventor. This has been ex-

tensively adopted, many frames of the old kind having

been altered thereto. During the past four or five years

few, if any, of the ordinary throstles have been constructed,

the attention of the trade having been concentrated upon

the ring frame.

The Ring Spinning Feame.—During the past few years

this frame has become exceedingly popular, owing to the

spread of knowledge concerning its principles and capacity

of production, and the great improvements that have been

introduced into its details. As it stands now it is pro-

bably for the lower ranges of number—say from 10^ to 32^

—

the most productive spinning machine in the market. Like

the throstle frame, it is a continuous spinner, and is un-

doubtedly derived from the latter, though it differs from it

in important details.

An examination of any one of the series of bobbin and

fly frames will render it obvious that, so far as regards the

rite of speed, the limit must soon be reached. The centri-

fugal force developed by the rapid revolution of a spindle

carrying a flyer was such as to cause the legs of the latter

to fly open, and so to come into contact with one another,

to their mutual destruction. To construct them stronger,

in order to counteract this tendency, was to load the

spindle with a heavier burden, and so to diminish the

speed of its revolution, or to expend a greater amount of

power in its attainment. In either case, beyond a certain

limit, high speed was not an economical success. Hence
the production of yarn from a throstle frame, though a

continuous spinning machine, did not materially exceed

that from the mule, notwithstanding that, spindle for
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spindle, the outlay in capital and labour, or the cost of

production, was greater for the former. The mule also, for

a long time, until the preparation machinery was rendered

approximately perfect, had a great advantage in the
*' stretching " action or " the gain " of the carriage in its

outward traverse over the length of rove delivered from

the rollers, this enabling it to produce a better quality of

yarn than could be obtained from the same material and
the same amount of preparation in the throstle. It was
owing to these facts that the mule maintained its prece-

dence as a spinning machine over the latter.

The mule, since its growth in magnitude, has required

the services of male adults to work it, as it soon passed

beyond the capacity of female strength to perform the

manual operations required. It may come as information

to many persons engaged in cotton mills to-day to hear that

women spun upon the mules of about thirty-five or forty

years ago, and preceding that time; but the older members
of the present generation will be aware of the fact. The
difficulties induced by this transition from female to male
labour were considerable; but, though the latter was much
more costly, it was, on the whole, considerably more
economical, when the production from the enlarged ma-
chines were considered. In the United States, no such

change could be made; masculine labour could not be had,

owing to the attractions of the other occupations and pur-

suits offered by that naturally rich country. It is owing
to this fact most probably that the world is indebted for

the ring spinning frame. In spite of its disadvantages it

was necessary to retain the throstle frame ; so the best

thing to be done was to improve it, which the mechanicians

of the United States set about to do.

Accordingly it is from the States we first hear of the

ring frame. The Danforth throstle was one of the first

outcomes of these efforts, being invented about 1828 by a

mechanic, after whom it was named. Great expectations

were induced by this invention ; but after a short time they
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were all disappointed, as it was found impossible to pre-

vent the yarn being snarled every time the frame was stopped

to relieve the spindle. The burden of the flyer caused the

spindle to vibrate excessively, and soon destroyed it. It

was necessary, therefore, to remove it, and it was seen

that if a fixed ring could be constructed to take the place

of that described by the legs of the flyer, when revolving,

the flyer might be dispensed with. The Danforth throstle

was an approach to this object, but, springing from an im-

perfect conception, was a failure. The ring frame ap-

peared immediately afterwards, but its success was preju-

diced by the preceding failure of the last-named invention.

Its scientific merits, however, prevented it from passing

into oblivion, and efi'orts were steadily made to improve it

It appears to have been invented about 1832 or 1833 by a

Mr. Jencks of Pawtucket, Rhode Island, and was intro

duced into this country within a year or two afterwards.

In its first form, as introduced at this time, it consisted of

a flat thin ring of the form of a washer, with a hole in it

large enough for the bobbin to pass freely through. This

was fixed on a rail, so that one ring should be centrically

over each spindle ; on the inner edge of each ring was a

small bead. A small loop made of spring steel, somewhat

in this form O, was placed on the inner edge of the ring,

the loop being opened to pass over it, after which it closed

so far as to prevent it from slipping ofi", but not so closely

as to impede its revolution freely around the inner edge.

The spindle was short and light, and was operated as in

the common throstle. It had a fixed wharve, upon which

the bobbin rested, and was secured so as to revolve with

it. Such was the ring frame on its first appearance ; and

the process of spinning being precisely as at present, the

revolution of the traveller being opposed by friction and

the resistance of the atmosphere to such an extent as to

produce the amount of drag necessary for winding pur-

poses. It required little power to drive it at a high speed,

and was said to be capable of spinning 80^ yarns of good
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quality. The speed recommended by those who tried it

was from 110 to 120 revolutions of the front roller of 1 in.

diameter for spinning No, 20^ The yarns produced from

this machine were at the time highly spoken of for their

excellence of quality in every respect.

It will appear strange at this date to read of the intro-

duction of this machine in such a comparatively perfect

state, and yet that almost half a century should elapse

before it should win public favour for itself in this country.

But the fact was that, though the principle was theoreti-

cally sound, there were many practical difficulties encoun-

tered which could not be overcome. One of these was
the clogging of the traveller with loose fibre, which in-

creased its weight, and finally broke down the threads.

Another was the impossibility, with the then mechanical ap-

pliances, of so constructing the ring rail that the spindles

should be exactly in the centre. Many others were met
with which need not be enumerated. The consequence,

however, was that its use was abandoned in England,
and for many years its existence was almost forgotten.

The means by which it was re-introduced to the notice

of the English cotton trade, briefly stated, were as fol-

lows :—Mr. Samuel Brooks, machine maker, of West
Gorton, Manchester, having sent his representative, Mr.
Jas. Blakey, to the United States on a business tour, the

latter had his attention attracted to the ring spinning

system, and found that it had been so far perfected that it

gave promise of soon becoming a formidable rival to the

English mule. This led him to inquire exhaustively into

the matter, and to examine the merits of the various

spindles and machines then competing for the favour of

the cotton trade of New England, to which at that time

the cotton manufacture was almost confined. Mr. Blakey
returned with a report of the thorough success of the

system, and brought with him specimens of spindles, rings,

cops of yarn, cloth, and everything necessary to illustrate

his statements, and to enable him to give full details of the
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construction of the frames. This evidence thoronghlj con-

vinced Mr. Brooks of the advantages of the system, and

of its certairty of superseding the mule for many descrip-

tions of yarn as soon as the prejudices of spinners could

be overcome. He, therefore, determined thenceforward to

devote his energies to the development of the system and

its introduction to the English trade. The doubling frame

was the one to which he first gave his attention ; and by

persistent experiment, and the construction of special tools

to ensure accuracy of workmanship, he succeeded in reme-

dying the defects that had been discovered in this frame,

and making it highly sati!=ifactory to the trade. The fact

that he has since supplied 180,000 spindles to one of the

most eminent sewing cotton manufacturing firms in the

kingdom, and large numbers to others, is a proof of the

success attending his efforts, and of the peculiar value of

this system of doubling to the leading sections of that

branch of trade, and those making twisted yarns for

warps, lace, sewing cottons, crochet, mendings, knittings,

and heald yarns. This system has almost superseded the

use of the flyer doubling machine, except for very fine or

very coarse counts.

Whilst Mr. Brooks was thus perfecting this branch of

the ring system, he carried on at the same time a series

of costly experiments to perfect the spinning frames, be-

cause, though much had been done in the States towards

making the ring spinning frame a thoroughly good ma-

chine, yet, when it was brought into competition with the

highly developed mule of England, it was found that much
remained to be done before it coald be said to equal, much
less to surpass it. For five years not much success at-

tended his efi'orts in this direction. The difficulties en-

countered were chiefly in connection with the construction

of the spindle.

In the meantime other firms had had their attention at-

tracted to the same field, and ring spinning frames con-

taining the Booth-Sawyer spindle achieved a qualified
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success, and succeeded in engaging tlie attention of tlie

trade. The Eabbeth spindle was soon after introduced bj

Messrs. Howard and Bullough of Accrington with great

success. This invention having become an open one, has

since been taken up by most of our machinists, who are

now constructing it, with or without specialities of their

own.
A view in perspective of the warp ring spinning frame,

with a two-height creel, as constructed by Mr. S. Brooks,

is afforded by the illustration, Fig. 84. Fig. 85 is a cross

section of the same machine, showing a section of the

roller stand, mounted on the beam, with rollers and system

of weighting ; the arrangement of the thread board, and

the spindle and bobbin fitted into rail complete ; also ring

rail, in which is fitted the ring, with travellers complete.

A detailed description will be useful to the student. The
beam, a, carries the roller stands, h b, which are so con-

structed that they give an inclined position to the rollers,

c, d, e, which are weighted by means of saddles, hangers,

levers, wires, and weights, //. The weight upon the

rollers can be varied according to requirement. The under-

clearers are usually of wood covered with cloth, and keep

the front bottom roller clean. The thread rail, 7i, is

attached to the shafts, h\ extending the length of the

frame on each side, and coupled together by connecting

rods and cross shafts, h^, h^. By means of a small handle

placed upon the extremity of the shaft at one end of the

frame, all the thread boards with the guide wires are

turned up out of the way for dofi&ng purposes. Each
thread board, h, is also separately hinged to the thread

rail, to permit of any one spindle being attended to for

piecing the thread when broken. The ring plate, i, carries

the rings, j, which are firmly fixed therein, and on the

latter is sprung the traveller, k. The bobbin, Z, is placed

upon the spindle, m, which is securely fastened in the

spindle rail by a nut underneath.

The creel having been supplied with roving bobbins, the



Fig. 85. Ring frame. ISectiou.
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ends of the rove are passed through the guide wires on the

traverse rod, ?z, and thence between the three pairs of

drawing rollers, c, d, e, which act upon it as follows : the

first or back pair, e e, simply take hold of the roving, draw

it from the bobbin, and pass it to the second pair, d d. The
latter, revolving a little more quickly than the first pair,

slightly stretch the roving, conducting it to the third or

front pair, c c, which, running much more rapidly—say,

making five or six revolutions for the second pair one

—

attenuate the roving to the required thickness for the

counts to be spun. The attenuated rove is then passed

through the guide wire, which is placed over the centre

of the spindle top, thence down to the ring, and through

the traveller to the bobbin, Z, upon the spindle, m. The

latter, revolving at from 7,000 to 8,000 revolutions per

minute, imparts the required twist to the rove, as it is

being delivered from the front rollers, c, and when thus

spun, it is wound upon the bobbins. The top of the ring,

J, forms a flange, upon which is placed the traveller, h, pre-

viously described, to form a drag upon the yarn, and thus

wind it upon the bobbin.

The size and weight of the traveller requires to be

varied according to the counts of the yarn being spun

—

low numbers requiring the heaviest, and fine ones the

lightest. Being made from fine drawn steel wire, the

weight of each can be made uniform, and regularity of

drag ensured. This is a great advantage over the flyer

frame, as in the latter the drag is constantly changing from

a minimum weight, when the bobbin is empty, to its

maximum, when it is full. The traveller has another func-

tion also—that of guiding the thread upon the bobbin,

like the curl of the flyer leg in the throstle frame and the

faller wire in the mule.

The ring around which the traveller revolves is fixed in

the lifting rail, which has a traverse of about 1^ inches,

guiding the yarn upon the bobbin in a cop shape, as in tho

mule, which, it will be remembered, differs from the cylin-
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drical build of the layers of the bobbins in the bobbin and

flj frames. At the same time the main chain of the lift-

ing rail is being gradually taken up, thereby giving an

additional lift to the rail, by which means, though the

copping traverse of the rail remains the same, it passes over

a continuously different length of the spindle blade or

bobbin upon it, and in this way the copped bobbins of yarn

are built up.

The rate at which the lifting chain is taken up is regu-

lated by change wheels, so as to make the bobbin larger or

smaller according to the size of ring and counts of yarn

being spun. The diameter of ring and length of bobbin

varies in each frame according to the range of yarns in-

tended to be spun upon it. The following particulars will

illustrate this :

—

For 8^ to 12^ a 2" ring and 6" lift of bobbin should be used.

16 „ 20 IL „ G

24 „ 28 IL „ 5

30 „ 36 li „ 5 „ „
40 „ 50 1|- „ 5

Owing to the high speed of spindles obtained in the rmg
frame, it has been found that the design, dimensions, con-

struction, and quality of material are points of vital

importance. The spindle most generally in use is the
" Rabbeth," of which the following is a description :—Upon
the steel spindle, a. Fig. 86, is firmly placed a cast-iron sleeve,

B, so as to revolve perfectly true. This sleeve has the lower

part turned, to form the wharve, c, for the reception of

the band to drive the spindle. The tubular bolster, d,

which is a combination of bolster and footstep, is made to

receive the spindle ; and in the upper part is inserted a

tube, E, of metal, which forms the upper bolster bearing of

the spindle. This is placed so as to form a reservoir for

the oil above it, which it prevents from flowing over the

top of the bolster, d, which it would otherwise be liable to

do, owing to its being carried upwards by the capillary

X
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action of the spindle when revolving. This tube is made
from phosphor bronze, a metal that contains no acid or

matter that can chemically affect the oil, or impair its

lubricating properties, even after several months working.

It will be seen that when the spindle is inserted into its

position in the bolster, it revolves in the chamber, h, whiol»

n

^2

Fig. 86. Rabbetli spindle for ring frame.

is filled with oil, in order to ensure perfect lubrication to

its frictional parts. The results of experience show that

this method of llibrication is quite effective for a period of

about three months. The oil is preserved from all dirt

and loose fibre, and is prevented coming into contact with,

jmd staining, the yarn on the bobbin, owing to the mode of
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construction of the spindle. The brass cup, f, is securely

fastened upon the top of the wharve, c, and receives the

bottom of the bobbin, holding it firm and true in its

position. It also forms an important feature in the doffing

of the bobbin, G.

The doffing or changing of the full bobbin for the empty
one is of great importance, as it necessitates upon the

common throstle the employment of a special staff of

operatives—usually boys, whose sole duties are to perform
this operation, the time occupied being a considerable pro-

portion of the whole, and the cost great. The advantages
of the ring frame over the flyer frame in this respect is

very great, as the doffers are to a great extent dispensed
with, and tying by hand of the thread round the empty
bobbin is obviated, this being done by means of the brass

cup, F. With the mechanical doffer, when the bobbins are

full, the attendant, by means of the lifting motion, winds
down the ring rails to the bottom of the bobbin, and at the

same time stops the frame ; then, by means of the shaft to

which the thread boards are attached, the latter are turned
up at once, leaving all clear for the removal of the bob-

bins, the doing of which coils the threads around the

sleeve. When the empty bobbin is placed upon the

spindle, it presses down the thread, wedging it between
the bobbin and the brass cup, thus holding it securely, and
forming a connection between the rollers and the spindle,

so that when the frame is started, the yarn is wound upon
the bobbin without any loss of time being incurred in

tying up the threads to the bobbins. When the frame has
been thus supplied with bobbins, the thread boards are all

lowered again into position, and the frame is re-started.

The time occupied in doffing a frame of 250 spindles is only
about thirty to thirty-five seconds. The bolster is fastened

in position by the nut, K; and the vertical wire bent at the

top is for the purpose of holding the spindle in position in

^he bolster when the bobbin is taken oS". Improvements
in arranging these wires have, however, been patented, bv
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whicli all tlie spindles in a frame can be released at one

time for cleaning, oiling, &c.

One great difficulty encountered in the ring system of

spinning has been the impossibility of spinning yarn with

a "soft " or limited quantity of twist, otherwise very few

turns per inch. On the ordinary throstle, the leg of the

fljer has intervened to relieve the drag or strain upon the

yarn between the roller and the bobbin ; and in the mule,

the yarn being twisted before the operation of winding on
the spindle commences, the difficulty has not existed. On
the ring frame, however, the processes of twisting and
winding go on simultaneously ; and the tender roving,

which is delivered from the rollers without twist, is imme-
diately subjected to the full strain of the drag, which fre-

quently causes the yarn to break. The rollers have up to

quite recently been mounted horizontally in the stands, and
the attenuated rove has remained in contact with the

bottom roller nearly three-eighths of an inch below the

nip between it and the top roller; thus preventing the

twist put into the yarn by the revolving spindle from
running directly up to the point of contact between the

rollers, which is essential to good spinning. This has led

to the adoption of an inclined position for the rollers, as

shown in the section. Fig. 85. The new position allows

the twine to run directly into the rove immediately it issues

from the rollers, thus making a stronger and better twisted

yarn, and obviating the difficulty referred to above, in

producing a soft twisted yarn, when such is required.

The development of this machine has forced several im-

portant problems upon the notice of mechanicians, the correct

solution of which have been necessary to make it a success.

The increase of speed caused a great amount of vibration

of the spindle, and consequently heavy wear and tear. This

necessitated a close study of the form and structure of the

spindle, the footstep, and the bolster, and their relationship

to each other ; also, of the best means of lubrication of the

friction surfaces. It was a long time before these were
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surrnounted, but the task was finally accomplislied, and

the rate of speed greatly accelerated. A second series of

difficulties now demanded attention ; these related to the

ring and the traveller. It was found that when tlie speed

exceeded a given rate, at a certain portion of the traverse

the threads broke down in an excessive proportion, greatly

impeding work, and diminishing both quantity and quality

of production. The centrifugal force generated by the

rapid revolution of the spindle caused the threads to bulge

outwards from the vertical position, otherwise to describe

the figure of an inverted balloon, from which the name of

" ballooning " has been given. When this was at its

maximum, the threads came into contact with one another,

and were thus broken down. A heavier ring was tried,

whicli had the effect of partially preventing the fault ; but

speed was reduced, and the consumption of power was
increased. Certain counts, it was also found, would not

carry above a given weight of traveller at a specified rate

of speed, the drag breaking them down. To avoid lower-

ing the rate of speed, and diminishing tlie production,

thread guards or protectors were devised, which were
either plates or rods put into such a position that the

threads, in their revolution, should impinge against them,
by which the tendency to form the balloon figure above
referred to should be held in restraint. These different

devices were only partially successful, and the limit of

speed, and consequently of production, or of the fineness

of the yarn spun, was too soon attained.

Another step forward has, however, been made, and the

writer has quite recently had the privilege of inspecting

an invention which completely solves these difficulties.

This is a little contrivance which he described in " The
Textile Manufacturer " of September 15th this year (1883).
It is the joint invention of Messrs. Furniss and Young, the
manager and spinning-master respectively of Mellor Bot-
toms Mill, Derbyshire. It is called the anti-balloon ring,

and consists of a ring affixed to the traverse, or ring rail,



310 COTTON SPINNING.

by vertical brackets, carrying the bar, b, shown in the

elevation and plan views, Figs. 87 and 88, to which the

ring is affixed by a small set screw. For facility in work-
ing, the bars, b, are made of a length sufficient to hold

about twelve rings, which are adjusted to the proper spindle

gauge, passed upon the spindles, and attached to the rail

as indicated. It will be observed that the ring is not a

closed one, but that its ends, C, D, are set apart, d being

below, and projecting beneath the end of C. This com-
pletes the ring-like form, whilst the breach easily admits

the thread after being pieced up. Tt will be obvious that

the thread will be controlled at every part of its revolution

by means of this ring, and that consequently a lighter

traveller can be used, higher speeds can be attained, finer

yarns be spun, and a greater production obtained.

The traveller, it was found by experience, gathered

around itself a quantity of cotton fibre, most probably from
its friction upon the thread passing through it, and a small

portion perhaps from that floating in the atmosphere

through which it was rapidly passing. As this fibre accu-

mulated, it so much increased the bulk and weight of the

traveller as to greatly increase the drag, which broke

down the threads. This was an impediment to the success

of the ring frame that entailed a good deal of trouble to

remove. Again, however, persevering labour was re-

warded by success, by the invention of what is denomi-

nated a traveller clearer. This is a small piece of metal

of appropriate shape for the purpose, which is fixed between

two rings, and so near to each that the travellers upon
them, in passing, go so near to contact that, whilst not

touching, they yet are cleared from loose fibre. Thus
was accomplished another improvement in detail essential

to success.

The recent rapid increase in the adoption of the ring

spinning frame for low and medium counts shows that it is

now a practically perfect and commercially successful

machine. It is undoubtedly now a formidable rival to the
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Fig. 88. Anti-balloon. Plan.

Fig. 87. Anti-balloon ring.
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mule, and in a very few years the contest for superiority

between the two systems will show to which side the vic-

tory will finally incline. There is no likelihood, however,

that whatever the ring frame may be rendered capable of

doing in competition with the mule in low medium and

the lower ranges of the fine numbers of yarn, that it will

ever displace the mule for fine counts—say, from 80^ and

upwards in warp yarns, and 60^ and upwards in weft yarns.

The necessarily less twist put into the latter class of yarns

will render them unable to carry a ring traveller without

such breakages as would greatly interfere with both quality

and quantity of production.

In the United States, where, as has been shown, the use

of the ring frame is a necessity arising mainly from its

social conditions, it is used extensively for the production

of weft yarns, but certainly not economically ; and were

it not for the highly protective tariff in force in that

country, it is probable that for this purpose it would have

to give way to the European productions of the mule. In

this field it holds its own simply by virtue of the protection

accorded to it.

Being in existence and use as a weft-producing machine,

it necessarily engages attention, and mechanicians are

labouring continuously to improve it. In the States, the

sub-division of the cotton trade into two branches—spin-

ning and manufacturing—as here, has not taken place

;

yarn is spun and consumed in one establishment, and the

difficulties of dealing with the tare and return carriage of

empty tubes or bobbins does not arise. Here, with the

spinning carried on in one part of the country, and the

manufacturing processes in another, distant ten, twenty,

thirty, or even more miles away, and by other firms, these

are insuperable ; and unless the machine can be modified,

so as to produce yarns that can be handled and trans-

mitted from place to place with the same facility and cost

as mule wefts, its field for spinning this class of yarn in

this country will remain a limited one. Mr. Samuel
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Brooks, so far as we are aware, is the only machinist in

this country who has devoted much effort to accomplish

this purpose. His labours have met with a fair measure

of success. Fig. 89 shows this machine as constructed by

him for spinning wefts. It differs little from the warp
yarn frame, except in such details as the gauge and size of

the spindles and rings, and the substitution of paper tubes

for the wooden pirns of the latter. It is meeting with

much acceptance on the Continent, where the conditions

of the trade are more nearly like those of the States than

of this country. Some spinners also in this country, who
weave their own productions of yarn, have also adopted it,

and its future is regarded as being of a hopeful character.

The persistent endeavours made to render it a practicable

machine for its designed purpose certainly deserve to be

successful.

Doubling.— This is a process by which two or more

threads are twisted together to form a stronger thread.

Such threads are termed 2-fold, 3-fold, 4-fold, 6-fold,

8-fold, or 12-fold yarns, according to the number of single

threads each may contain. When described commercially,

the count of the single yarn is first expressed thus :
12*

2-fold, 10^ 4-fold ; these are usually written thus : 12Y2,
16^4. Yarns of this kind are much used in manufac-

turing, and are also extensively applied to many other pur-

poses. They form the warps for numerous descriptions

of silk, cotton, worsted, woollen, linen, and other fabrics

both light and heavy, including Kidderminster, tapestry,

Brussels, and other carpets ; they are also employed ex-

tensively in the lace and hosiery trade, and for knitting,

netting, sewing, crochet, and many fancy purposes. Thus

it will be seen that the doubling branch of the cotton

trade forms an important portion. It is so extensive, in-

deed, as to have developed the tendency to become an

independent section of the trade, and many establishments

exist in which doubling alone is carried on. In others,

again, it forms a portion of the spinning division, whether

this is on the mule, throstle, or ring principle.
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Doubling is chiefly performed on three diff'erent ma-

chines, all of which are respectively modifications of spin-

ning machines. The first that should be named is the

doubling throstle frame, which is the throstle frame modi-

fied by the arrangement of the creel for the reception of

yarns, and the substitution of the drawing rollers by a single

pair of rollers of considerably increased diameter. These

rollers in wet doubling are covered with thin sheet brass

to prevent corrosion. When delivered from the creel, the

yarn passes through water contained in a zinc trough,

heated by a steam pipe passing through it, and thence

between the pair of rollers which press out the superfluous

water it may have taken up. It next passes to the flyer

and upon the bobbin. Care is always taken that the

twisting it receives shall be in the direction opposite to

that of the single thread. The flyers are so constructed

that the curls on the legs can be renewed when worn out.

In other respects the throstle doubler is simply a counter-

part of the spinning frame of that name.

In doubling fine numbers on the throstle several serious

disadvantages are encountered. One of these is that after

doffing it is necessary to oil the spindles in order to secure

that the bobbin shall " slip " and wind properly, so as not

to break the threads. The consequence is that many
bobbins soon become saturated with oil, the dry porous

wood readily absorbing it, whereby the weight of the

bobbin is greatly increased, and the drag is rendered un-

equal as compared with that of bobbins not yet saturated

with oil. The result is an irregular yarn. Another evil

is that a large number of bobbins are rendered useless.

The saturated bobbins also stain the yarn wound upon
them, and greatly depreciate its value. Often when a

frame has been replenished with bobbins it is found that

several will not slip, and the threads after breaking and
being pieced several times are rendered unfit for their in-

tended use. These are then stripped with a knife, and the

yarn, worth, perhaps, from Is. to 5s. per lb., is reduced to

waste, valued at only a few pence per lb. In numerous
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other ways yarn is damaged by saturated bobbins. A
great quantity of oil is consumed in the lubrication of the

spindles, and a heavy loss is entailed by the necessity of

throwing out as unfit for use a great number of the

saturated bobbins.

These evils have to a great extent been obviated by an

Fig. 90, Improved thi'ostle doubling spindle.

invention perfected and patented by Messrs. Taylor and

Ramsden of Bolton, and which is illustrated in Fig. 90. The
flyer,/, is removed from the summit of the spindle— the

position it occupies in the ordinary throstle—inverted, and

relegated to the place formerly occupied by the bobbin, h.

Instead of being made fast as before, it has a boss, h" , fixed

to it, and is placed loose upon the spindle, resting upon the

bolster rail, r, with only the ordinary leather washer inter-
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veiiiug. The bobbin, h, being placed upon the spiudle,

descends to a position in "which it is firmly held. It will

thus be seen that with the inversion of their relative po-

sitions their functions are also changed,—the drag being

obtained from the flyer instead of the bobbin as before.

By this change the spindle is reduced one-third in length,

and nearly two-thirds in weight, and the flyer one-half.

The traverse has been lessened, whilst the diameter of the

bobbin has been increased. In this form the spindles can

be easily driven at 7,000 revolutions per minute. The ad-

vantages are obvious, and will commend themselves to

every one practically acquainted with the matter. The
bobbin is placed quite away from contact with oil, and

revolves with the spindle ; consequently, no bobbins are

saturated, and no yarn is oil-stained. The flyers not being

to take off", doffing can be performed by the minder a

spindle at a time, without stopping the frame. This in-

creases production and diminishes expense, dispensing with

dofi'ers' wages. The space between the arms of the flyer,

which allows the diameter of the bobbin to be increased,

rendering it capable of holding more yarn, thus reduces

the number of knots made in the winding room, an impor-

tant advantage in the matter of quality. Bobbins can be

used until broken, and a great saving is obtained from this

source. There is no waste of yarn from its snarling upon
the spindle top as in the ordinary arrangement. A mode-
rate estimate of the gain resulting from this improve-

ment in a mill of say 65,000 to 70,000 spindles will be

£1,500 per annum.
Yarn doubled upon this frame, like that of the throstle

spinning frame, possesses somewhat similar characteristics.

By its passage around the leg of the flyer it becomes more
perfectly consolidated, and the loose fibres that centrifugal

action would bring to the surface are thoroughly laid by

frictional contact, whilst the thread is to a certain extent

polished by the same means. Thus it is that a solid,

wiiy, and glossy thread is obtained which has long been
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regarded as the best result of the doubling process, and

consequently has stood correspondingly high in the estima-

tion of producers.

The twiner is the next machine that calls for notice.

This is a modification of the mule, or more accurately, a

return to the principles of Hargreaves' jenny. The twist-

ing spindles are fitted in a bank or fixed carriage, whilst

the creel containing the threads to be twisted consists of a

traversing carriage which retires from the spindle bank

whilst the length of yarn to the extent of its traverse is

being twisted. When this is completed, it returns to its

first position, the length of yarn being wound upon the

spindles in the bank by means of a faller guide wire.

There is also another kind of twiner more closely related

to the mule, in which the position of the creel and spindles

is reversed, the latter being in the traversing carriage.

This form is, however, only found when the frame has been

transformed from a mule, which is sometimes done when
the latter is advanced in wear, but is still too good to

break up. Twiners are mostly used for dry doubling.

The yarns produced on both these forms of twiners are

not so dense as those from the throstle, not having the

advantage of the polishing and consolidating influence of

the flyer. Like the single yarn from the mule, its sur-

face is more hairy, the fibre being thrown out by centri-

fugal action during the twisting process.

The ring doubling frame is the latest competitor for pub-

lic favour in this section of the trade, and the only remain-

ing one to which attention need be drawn, as the few other

machines on which doubling has been, or is yet occasion-

ally performed, are unimportant. Owing to its greater pro-

ductiveness and other merits, it has sprung to the front

of its competitors in public favour, and therefore demands a

little more notice. The ring doubling frame, like the others,

is simply modified in a similar manner from its parent, the

ring spinning frame. Fig. 91 is a perspective view of this

important frame as constructed bv Mr. Samuel Brooks, and





Tig. 92. King doubling frame. IScutcli systci
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of which he has supplied nearly 200,000 spindles to Ihe

eminent firm of sewing cotton manufacturers, Messrs.

J. P. Coats and Co., Fergnslie, Paisley, and also large

quantities to other leading firms engaged in the manufac-

ture of twisted yarns for the same class of trade. In this

branch the ring doubling frame has almost superseded the

flyer frame, except for the finest or the coarsest counts of

yarns. This, Fig. 91, representc the frame as arranged to

work on what is known as the English principle, which

differs in its details from the Scotch system. Here the

yarn-bobbins are arranged horizontally in the creel, a,

whence the threads descend to the trough, pass through

the water, and come over the rollers at &, thence through

the guide wires on the thread board at c, and down to the

ring rail at d, and, exactly as in spinning, pass through the

traveller to the bobbin. The section, Fig. 92, shows the

same frame as arranged on the Scotch system. This, it

will be observed, differs from the English plan in having the

yarn as it comes from the spinning frame first wound upon

large bobbins in a winding frame. These large bobbins

necessitate a different arrangement of the creel. The
threads are conducted down to the trough in which the

pair of rollers are arranged, the lower one forming an

immersion roller, beneath and around which the threads

are conducted, and thence around the upper one to the

thread guides and the spindles as before. It will thus be

seen that the rollers serve the double purpose of immer-
sing the yarn in the water, and expressing any superfluous

quantity of water it may have taken up. As compared

with the English plan, where the yarn usually passes under

a glass rod in the water, it remains a longer time in the

latter, and hence is thought to get more thoroughly satu-

rated. It would be difficult, however, to demonstrate that

any particular advantage will be secured by the adoption

of one plan as compared with the other ; nnd it may safely

be said that the custom of each district is at the founda-

tion of any preference that may be shown.

Y
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CHAPTER XL

Miscellanea.

Useful hints.

—

To find the area of the safety valve of a boiler.—Tof.yd
the jyrcssitre u])on each square inch of a safety valve.— To find the weight

on every square inch of a valve where the weight is hung to it.— 2'ofind a
weight to hang on a valve to resist a given 'pressure.—Steam engines.—
Horse power.— To find the nominal horse power of a condensing engine.—
Of a high pressure engine.— To find the indicated horse power.— To find

the commercial horse power.—Shaftbig.— To find speed of second motion

shaft.— To find speed of a belt or rope driven power.— Testing cotton.—
Card clothing ; conHitioning — Oil paint to be avoided.—Covering iron

cylinders.— Twist; to find the proper amount.— The twist of slubbings

and rovings.— Counts of yarn.— Cotton yarn measure.—Avoirdupois

weight used for cotton yarn.—French system of numbering yarns.— To
reduce English to French nos.— To reduce French to English nos.—Strength

of yarns ; table showing; means of ascertaining.— The strength of the

cotton fibre utilized in yarns ; American cotton yarns 5 Egyptian.—Fila-

ments in ci'oss SQciion.— Twist for doubling ofyarns.

AS the prescribed limits of this work have already been

considerably exceeded, only a few useful hints can

be g'iven upon matters that could not easily be incorporated

under any particular heading in the previous chapters, or

that were overlooked at the time. These consist mainly

of practical rules or directions that will be found useful

in the various departments of the mill. No pretence

whatever is made of covering the whole ground, nor indeed

of doing more in this respect than briefly supplementing

the deficiencies of professedly practical essays treating of

cotton spinning. For calculations and practical rules regard-

ing the various changes in the difi*erent departments, the

reader is referred to one or other of the numerous treatises

already well known.

To find the area of the safety valve of a boiler.—Multiply

the square of the diameter of the valve by '7854!.
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To find the pressure upon each square inch of a safety

valve.—Multiply the area of the valve by the length in

inches of the short end of the lever for a divisor ; the

total length in inches of the lever, multiplied by the

weight upon it in pounds, will give a number which,

divided by the first, will yield a quotient showing the

pounds pressure upon each square inch. This rule pre-

sumes that the valve and lever are balanced by a counter-

poise, and that the only acting weight is that upon the end

of the lever. When the valve and lever are not balanced,

but contribute their weight to press against the steam, to

find if the pressure upon the valve is equal to the pressure

of steam against : multiply the area of the valve by the

pounds pressure per square inch in the boiler, and the pro-

duct will be the pressure of steam against the valve ; then

multiply the pounds weight upon the lever by its length

in inches to the fulcrum, and divide the product by the

number of inches in the short arm ; to the quotient ob-

tained add the weight required to balance the lever, and

the sum will show that the pressure upon the valve and

the pressure against it are in equilibrium. The weight to

balance the lever may be found by applying a spring

balance to the lever at the point where it presses on, or is

jointed to, the valve. The actual weight of the valve must

be added ; or if it is attached by a joint to the lever, it will

be weighed at the same time as the lever.

To find the weight on every square inch of a valve lohere

the loeight is hung to it.—Divide the weight by the area of

the valve, and the quotient will be the weight upon every

square inch of the valve.

To find a iveight to hang on the valve to resist a given

pressure.—Multiply the pressure per square inch by the

area of the valve, and the product will be the weight

required.

Steam engines.—The capabilities of steam engines are

measured by a standard, the limit of which is a horse

power. This is a force capable of raising 33,000 pounds
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one foot high in one minute ; or 1,000 pounds thirtj-three

feet high in one minute ; or, again, the exertion of a force

of 33.000 " foot-pounds " per minute.

Horse poiver,—There are throe forms in which this is

expressed : nominal, indicated, and commercial. Nominal
horse power is the oldest form, and is now rapidly becoming
obsolete. It is based upon the area of the cylinder, but
takes no cognizance of the steam pressure and speed of

piston. It is derived from data met with in the experience

of Watt nnd his immediate successors the early engineers.

To find the iwminal horse power of a condensing engine.

—Square the diameter of the cylinder in inches, and mul-
tiply this by '7854, and the product will be the area.

Divide this by 22, the number of inches area for one

horse power, and the quotient will be the nominal horse

power of the engine.

To fi^id the nominal Jwrse power of a high pressure

engine.—Find the area of the cylinder as before, and
divide by 11, and the quotient will be the horse power.

To find the indicated horse power.—The area of the

cylinder, the number of pounds pressure per square inch

on the piston, and the speed of the latter, or the distance

it travels per minute, multiplied together for a dividend,

and divided by 33,000, will give for quotient the indi-

cated horse power the engine is exerting.

To find the commercial horse pov^er.—Deduct one-third

from the indicated horse power for friction of the engine

and shafting, and the remainder will be the commercial

horse power available.

Shafting. To find speed of second motion shaft.—Mul-
tiply the number of teeth in the spur wheel of the engine

by the number of revolutions it makes per minute for a

dividend, and for a divisor take the number of teeth in the

driven wheel npon the second motion shaft ; the quotient

will be the revolutions p.-r minute of the latter.

To find the speed of a belt or rope driven pulley.—Multiply

the nuUibcr of revolutions of the driver by its diameter,
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and divide the product by the diameter of the driven pulley.

The quotient is the namber of the revolutions of the driven

pulley.

Testing cotton.—Of late years cotton has been greatly

adulterated, and spinners have suffered correspondingly

heavy losses from this cause. Sand and water are the two
chief ingredients used for this purpose, either separately

or in combinatioa, and it is therefore desirable to ascertain

the specific amount of each adulterant. Nearly all the

former is left in the opener, intermediate, and finisher lap

machine, but the latter evaporates, and hence has received

the name of the invisible loss. It is too often, however,

confounded with the former. In testing, therefore, let the

parcel of cotton, after being carefully weighed, first be

exposed for several hours spread open in a room the tem-
perature of which is equal to the maximum temperature

of the rooms through which it will have to pass in the

working processes. Weigh again, and the loss will be the

weight of water that has been evaporated. Next proceed

as directed in a previous chapter.

Card clothing.—It has long been a recognized fact that

the quality ofyarn produced in a cotton mill depends more
upon the proper treatment of the material in the carding

process than in any other. The most conscientious care

is required in this department, and the process of carding

should also be guided by an intelligent conception of its

requirements. The cotton may be good, and the carding

engines the best, yet the product may be quite unsatisfac-

tory. In such cases it will often be found to originate in

a defective condition of the card clothing arising from its

unintelligent treatment. Cylinders and rollers are often

covered with cards that have not been properly conditioned,

when, though put on tightly, they soon become flabby and

loose. This is owing to the temperature of the room in

which they work being so much higher than that from

which they were brought. In order to prevent this occur-

ring, all cards should be exposed for several days and
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nights in a room the temperature of which is equal to or

slightly higher than that of the room in which thej will

have to work. They should not be taken from here until

wanted for use. India-rubber card clothing has to a great

extent superseded leather, and this sort requires special

treatment. When kept in stock, exposed to a low tempe-

rature, it becomes stiff and hard, and if examined would be

found to have shrunk considerably. If a cylinder fillet

be measured in this condition by stretching it over a long

table with a considerable strain to get the fullest possible

length out of it, and the same be conditioned and measured
again, it will be found to have become practically two or

even more feet longer. Were such a fillet put on in its

unconditioned state, however tightly it might have been

wrapped, the change of temperature would give it the

extra length, which would go to slackness, and thus induce

endless trouble and bad work. The proper way to deal

with cards of this description is to condition them in a

room where the temperature is five to ten degrees higher

than the room in which they will have to work, by which
they will become perfectly flexible and soft. Next, before

using, let them be exposed for three or four hours in a

temperature the same as that in which they will work.

They should then be wound on the cylinders or rollers

under a moderate and perfectly uniform strain ; and after

having been fastened at each end they should be left for

an hour or two before the intermediate nailing is proceeded

with, in which time the card will have settled or bedded
itself into its ultimate position. After this has been done,

there will be a slight and uniform contraction, which will

bring the card into the best condition for producing high-

class work and ensuring durability.

No oil paint of any kind, in any way, or under any
circumstances, should be laid on the cylinders before nail-

ing on the clothing. The application of oil paint to

cylinders before nailing is a highly dangerous practice,

and where india-rubber cards are in question cannot be
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too strongly condemned. Oil paints now nsuallj contain

petroleum, which is practically non-drying, and when used

for this purpose the free portion is absorbed by the india-

rubber cloth forming the card's foundation, which is thus

quickly decomposed or rendered rotten. Shoald the founda-

tion be dry, but not perfectly hard, the crowns of the teeth

sink into the yielding substance, become rigidly fettered,

and consequently broken.

In covering iron cylinders, the best and safest covering

will be found to be stout calico, laid on with freshly made
flour paste. This, before being covered, should be thoroughly

dry. Calico thus applied constitutes a non-conductor be-

tween the cold iron and the india-rubber, and thus tends

greatly to the preservation of the latter. Considerable

alternations of temperature are highly injurious to india-

rubber, destroying it in a short time ; whilst where it is

strictly preserved from paint, grease, and these changes in

a reasonable manner, the cards will last almost as long as

the machine itself. It has not unfi equently occurred in the

experience of the best card-makers that their cards have

worked for twenty years when properly cared for in these

several respects, whilst, when neglected, they have been

destroyed in four or five years.

When cards are mounted on the bare iron, the surface

of the latter should be made thoroughly clean. Care should

be taken where the traversing grinder is used, that oil does

not drop from it upon the cards. Much mischief often

arises from the use of unsuitable hand-strippers, which, if

too strong and unyielding, are the cause of rapid and irre-

parable damage to the cards. " A little extra labour be-

stowed upon the mounting of the cards," say Messrs. James
Walton and Sons, the eminent card-makers of Denton near

Manchester, in a circular of instructions upon the treatment

of cards, and from which we have condensed most of the

above remarks, " will save endless trouble and disappoint-

ment afterwards."

Tioist.—In order to find the proper amount of twist per
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inch to pnt into any counts of yarn spun on mules, the rule

is to multiply the square root of the counts by 3|-, when
the yarn is intended for warps ; when for weft, the square

root is multiplied by 3^. These numbers are what are

called standard numbers, and the twist thus obtained is

found to be such that the yarn will set without running

into kinks. More twist might make a stronger yarn, but

other inconveniences are introduced when that obtained by

the above means is exceeded. Warp yarns require spinning

comparatively hard and firm, in order the better to bear the

strain and friction of subsequent operations. Weft yarns,

on the contrary, need to be spun with less twine, as it is

desirable, for several reasons, that the latter should break

at a less strain than the warp yarn into which they have

to be inserted. Also being less consolidated, they give

greater fulness in appearance, and a better feeling to the

cloths. For yarns in the lower ranges of numbers spun

from American cotton, and higher counts from Egyptian or

Sea Island, the above rule will apply very well, but for

counts higher than 32s. in American some spinners prefer

for warp yarn to multiply the square root of the count by

4, and for wefts by 3^. In Surat yarns, even this is

slightly exceeded. The twine thus obtained is of course

what is called an average or medium amount ; there are

special classes of yarn called " soft spun," in which the

twine is less ; and, again, other descriptions called hard

spun, in which the average is exceeded more or less accord-

ing to requirement. Yarns spun on the throstle or ring

frame have usually from i-turn per inch in the lower

numbers to 1^^ in medium counts more than mule spun

yarns.

The twist of sluhhmgs and rovings.—The late Mr. Evan
Leigh, in his work on cotton spinning, gives the following

as " a secret worth knowing." " It is," says he, "a com-

mon thing to turn the spindles of slubbing, intermediate,

and roving frames all to the right or tiuist way. The effect

of this may be best illustrated by endeavouring to make a
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rope of many strands twisted all one way. The tendency

of such a rope would be to curl up and untwist itself; but

if the strands are twisted one way when single, and the

contrary wny when doubled together, the rope will lie

straight with the twist in it. Suppose, then, it is required

to spin twist (warp yarns) from double rovings, and there

are slubbing, intermediate, and roving frames, with the

ends or bobbins doubled behind the intermediate and roving

frames as well as in the mules, the proper thing to do is to

twist the slubbing to the left, the intermediate to the riglit,

the roving to the left, and the mule to the right. The effect

of this is to a certain extent to make the yarn like a cable,

the fibres of the cotton being interwoven together. Both
the intermediate and the roving frames would work better,

and the mules spin better, and the yarn would be sounder

and freer from crackers or weak places. More twist may
also be got into it, and there will be less disposition to

curl." When it is required to spin weftwise, or to the

left, with double roving in the mule, this proceeding must

be reversed. *' It must be distinctly understood that it is

of no use to reverse the spindles, except where a doubling

takes ijlace at the hack. ; otherwise it is twofold loss of the

twist in the roving." "Attention to the above cannot be

too strongly impressed upon spinners, as the advantage to

be derived from it is very great."

Counts of yarn.—The denomination of yarns in this and

other countries where the English system prevails is ob-

tained from the number of hanks of 840 yards each in the

1 lb. Troy. Thus, of 20s. there are twenty hanks, of 30s.

thirty hanks in 1 lb., and similarly with other counts.

Cotton Yarn Measure.

54 inches = 1 thread (or circumference of wrap reel)

4,320 „ = 80 threads = 1 lea.

30,240 „ = SCO „ =r 7 leas = 1 hank, or 840yds.
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Avoirdupois Weight used for Cotton Yarns.

24
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room in wliich the tests were made was kept at a uniform

temperature bj a steam stove, and all the samples of yarn

were exposed for twenty-four hours before testing in order

to secure the same conditions of temperature and moisture,

which it is well known affect the strength of yarns. The
tests were made by the most perfect appliances in use for

the purpose, consisting of a reel fitted with a traversing

motion, and an arrangement to secure a uniform tension

on the threads during the reeling operation. The scales

used for weighing the leas were a chemical balance which

turned readily with the
^ o oo '^^

P"^^^' ^^ ^ grain when the

scale ends were loaded with 500 grains each. The
strength-testing machine was of the ordinary form in use,

but instead of being operated by hand power, which varies

and appreciably affects the result, it was worked by a

band, transmitting power from a shaft driven by the

engines of Union Mills. Halifax, belonging to Messrs.

Bowman Brothers, and which, for all practical purposes,

were perfectly uniform and steady. In the samples A, the

greatest variation in strength was from 73 to 86 lbs.

= 16*5 per cent. ; in weight it was from 47-83 grains to

52*31 or 4-48 grains, about 9 per cent. This was regarded

as a good commercial yarn. Sample b was more uniform,

extreme variation in both strength and weight being only

8 per cent. A first-class yarn. The next, c, a good using

yarn, varied about 11 per cent, in strength and 6*4 per

cent, in weight. The next specimen, D, was of a favourite

Lancashire yarn which in its extreme varied 18*2 per cent,

in breaking strain, and rather less than 10 per cent, in

weight. Sample E, a first-class 40^ spun down from 60*

rovings, shows no mote than 7'3 per cent, variation in

strength, and less than 2 per cent, in weight. Sample F,

from the same roving, does not give as good a result,

strength varying 22 per cent., and weight 6'5 per cent.

G was a first-class carded yarn, which varied at its highest

15 per cent, in its strength, and 6 in its weight. The
next, H, was a super combed yarn, one of the best in the
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market, and its greatest variation In strength was 12 per

cent., and in weight 6 per cent. The remainder are " two-

folds," and exhibit, generally speaking, similar results,

though the variations are not quite so extreme in either

strength or weight.

The strength of the cottonfibre utilized in yarns.—Another
most interesting inquiry undertaken by Er. Bowman, and
the details of which are given in his work, was as to how
far in the manufacture of yarns the natural strength of

the cotton fibre is utilized. The first step in this search

was to ascertain the weight the individual fibre will carry

without breaking ; next to count the number of fibres in

the cross section of a yarn ; multiply the former by the

latter, and the theoretical weight that the yarn should lift

is obtained. A comparison of the latter with the actual

strength, as tested by experiment, gives the percentage of

the natural strength utilized. The following tables, which we
extrach from Dr. Bowman's work, are very instructive and

interesting regarding this point. Of course an approxi-

mately correct result is only possible, as in the first place

the assumption, as observed by Dr. Bowman, that the se-

parate fibres are of uniform strength, is not well founded.

Several other circumstances also militate against a correct

result being easily obtained.

American Cotton.
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Egyptian Cotton.
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cotton, very little more than 20 per cent, in single yarns

of the theoretical strength of the fibres is utilized. In

two-fold yarns a better result by about 6 per cent, is ob-

tained. The percentage of loss increases in both cases as

the yarns become finer. In making these tests yarns were

in all cases used, spun down from the highest counts in

order to obtain them from the same cotton : that is to say,

the American single yarns were spun down from 50'

rovings, and the Egyptian singles from 60' rovings ; and
similarly in the two-folds, all the Egyptians being from
the same rovings and cotton as the 90^2. The result

shows that there is room for further improvement.

Twist for doiibling of yarns.—Yarns after their first

spinning are often twisted together again in two, three,

four and many other folds for various requirements. This

process is technically called " doubling," a name which it

is obvious only very imperfectly describes it. Several

strands thus produced from two or more threads are fre-

quently again put together, making a cord of any number
of threads according to requirement. The amount of twist

or twine to put into the article at the respective doublings

is often a difficulty to those having charge of the opera-

tions, especially as practical men differ about the matter.

The consequence is, that yarn is sometimes spoiled in the

endeavour to feel the way to a proper result. The best

practice is to follow the principle laid down for obtaining

the twist in spinning single yarns. Yarns doubled on that

principle will lie straight as in the single state. Suppose
100' has to be doubled into two-fold ; two threads of 100'

pui together, the joint thread would be 50', the square

root of this number is 7*05, which multiplied by 3^, or

thus, 3*75 gives 26*43 for twist. If the doubled yarn be

wanted of a soft texture, then the square root as obtained

above should be multiplied by 3^, when the twist w^ill be

such as will set without curl. When curl is required, an

additional percentage to the above twist must be put in.

In all cases the twist should be put in in the direction
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opposite to that of the last preceding process. Suppose

now three strands of this 100/2 fold be laid together, and

it is wanted to know the proper twist to put into the six

cord which it has thus become. Let it be assumed that

the operation was commenced with yarn of true counts
;

that is 100^ the doubling makes this into 100^ two-fold, or

counted singly 50®. But if measured and weighed out this

yarn would not contain more than 48 hanks to the pound,

and the reason of this is that the twining of the threads

together reduces the length by about two hanks. Hence
it is necessary, when a true length is required, to start with

yarns higher in the actual than the nominal count. The three

strands of the twofold 100® having, as we have seen, be-

come, not 50® but 48®, three of these laid together now
reduce the counts to 16® ; the square root of this number is

4, which multiplied by 3*75 gives 15, the number of turns

per inch required at this stage. This process followed

throughout will give satisfactory results-. When the yarn

is wanted to curl, it is usual to add about 20 per cent, to

the twine obtained by this principle. For knitting yarns

three folds, which are required to be soft, a rule in exten-

sive use is to multiply the square roots of the yarns (single)

by 2J-, and the result is the turns required. Crochet

yarns follow the same rule, but require 2 for a multiplier.

Embroidery cottons (four-folds) use the same standard

number, 2, as the last-named.
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APPENDIX.

Ox Steam Boilers and Engines.

Cotton mill boilers.— Dimensions.— Furnaces. — Flanging; boiler

power ; evaporative power.—To estimate the number of boilers required.
—Inspection; cleaning; safety valves ; low water alarms

;
pipes, feed,

and steam connections.—Boiler setting, with illustrations.—Engines.

—

Economizers.— Feed water temperature.—Position of economizer.

—

Chimnej" draught.— Oil consumption.—Driving.—Mechanical stokers.

THE author is indebted to Mr. W. H. Booth, of the

"Mechanical World," and formerly of the Man-
chester Steam Users' Association, for the following re-

marks upon steam boilers, engines, &c., in connection with
which lie has had an extensive experience. Acknowledg-
ment iG also made to the proprietors of the above JGi'rnal

for the accompanying illustrations.

The boilers used to raise steam for either motive power
or other purposes in the cotton trade are so universally

of the Lancashire or internally-fired two-flued type, that

we shall confine our remarks wholly to that type of

boiler.

The making of boilers now ranks equal with, if not supe-

rior to the manufacture of steam-engines, and great care and
skill are brought to bear upon their construction. The
chief centres of the boiler-making trade in the cotton dis-

tricts are Manchester, Hyde, Dukinfield, Blackburn, Bolton,

and Preston. For some years past the standard size of

Lancashire boiler has been 27 or 28 feet in length, with a
diameter of 7 feet ; and such a boiler, if double riveted,

would be made from -j^ths iron to stand 75 lbs. pressure,

but during the three years ending December, 1883, the use

of steam of 100 lbs. has become more common, and steel
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has become the material of construction, while at the same-

time the diameter has been made 7 feet 6 inches, and the

thickness of steel plates for 100 lbs. will be half an inch,

and the boiler may be worked to 105 lbs. safely.

Furnaces, also, are made of steel, and should not exceed

|-ths in thickness of plate, indeed -y^ths is not an uncom-
mon dimension. ,

Resistance to collapse is best obtained by means of the

flanged seam, and in the writer's opinion it is desirable that

the flanges should be turned upon a properly-shaped block

by means of wooden mallets, as the flanging-machine is

very severe upon plates, though, perhaps, cheaper than

hand flanging. Hydraulic pressure is also suitable as a

flanging agency, and preferable to a roller flanging machine.

Boilers are now almost invariably made with flat endS;

which require to be about -Y^-^th. inch thicker than the

plates of the shell. These flat ends are attached to the

shell by a circu,mferential flange or angle iron, as shown
in Fig. 95, and they are stayed by means of five gusset

plates at each end above the furnace tubes, and by two at

the front and one at the back end below the tubes. There

should be at least a distance of 10 inches between the

circle of rivets attaching the tubes to the end plates and

the lowest of the rivets attaching the gusset stay angle

irpns. If longitudinal stay rods are inserted, they should

not be drawn tight, but should be slack enough to easily

vibrate sideways 4 inches, and should be attached to the

end plates by an inside and outside nut and washer. The
distance apart of the stay bolts, which are two in number,

should not exceed about 14 inches. In fact they should

be placed as near together as the centre gusset will

allow.

All manhole and mudhole mouthpieces, and the blocks

for the attachment of the steam, safety valves, and other

branches, should be of wrought iron or steel ; cast iron is

quite inadmissible above 76 lbs. pressure.

The strengths given as safe to adopt are, of course, on
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the assumption that materials and workmanship are of

the best.

With a standard 7 feet diameter boiler, there would be

two furnaces 2 feet 9 inches diameter. The fire-grates would
be 6 feet long, thus giviug 33 square feet of grate surface.

Such a boiler would be easily worked at fifteen tons per

week of coal. It would burn eighteen tons comfortably,

and twenty-one tons is a frequent rate of consumption, but

it is not advisable to exceed twenty-five tons per week
;

though at times of cleaning one of a pair of boilers, the

writer has known thirty tons to be the rate of con-

sumption in the boiler at work, but it is not economical

to burn at such a rate. Two ordinary standard 7 feet

6 in. Lancashire boilers may be considered fully equal to

supplying steam for 500 indicated horse-power in engines

burning 2j- lbs. of coal per indicated horse-power per hour,

the coal consumed per week being under sixteen tons per

boiler. With modern engines of good design the con-

sumption of coal per indicated horse-power may be taken
at about 2i- lbs. per hour. If the boilers evaporate an
average of 8 lbs. of water per pound of coal, this is equal

to 20 lbs. of water per indicated horse-power per hour, and
on this basis may be calculated the boiler power required.

Thus, if we know that our mill of 70,000 spindles will re-

quire 900 horse-power to drive it, we may say that it will

require 900 x 20 = 18,000 lbs. of water per hour.

Dividing this by 8 gives 2,250 lbs. of coal, which in a

week of fifty-six hours will amount to fully fifty-six tons.

Reckoning to work our boilers at fifteen tons each, gives

four boilers, to which it is good economy to add a spare

boiler, making five in all.

In estimating the number of boilers required, the follow-

ing formula may be used :—Where I. H. P. equals number
of indicated horse-power required, and N" equals number

I. H. P.
of boilers, N = 1 -|- — '

'. This allows for a spare

boiler, and easy working.
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It is advisable to have boilers periodically inspected. To
secure satisfactory inspection, which should be thoroughly

effected every year, the boiler should be emptied and

cleaned out, and all scale removed.

The flues should be thoroughly swept, and the fire-bars

and bridges wholly removed. Care should be exercised in

using disincrustant compositions, and, on the whole, there

is nothing better than common soda or soda ash, and the

blow-out tap should be used two or three times per day to

remove deposit.

Safety valves should be made to blow slightly by lifting

them every day at least, and gauge-cocks should be tested

frequently every day, and especially first thing in the

morning.

Low-water alarms should give warning when the depth

of water over the crowns of the furnaces is not less than

4|- inches, and b]- would be better, and it is advisable

to test them occasionally by lowering the water to the

blow-off level. Dinner-hour is convenient for this, as the

boiler may be filled up, and steam got up again before

starting time.

It is specially important that all steam-pipes, feed, and

steam connections, and blow-out pipes should not be bound
in brickwork or so arranged as not to admit of free

movement and expansion, as fractures from pipes being

bound fast frequently occar, often disastrously to the

attendants. The following figures represent the mode of

setting the Lancashire boiler, so as to facilitate cleaning

and inspection. The dimensions of flues here given should

not, if possible, be made less.

Fig. 93 is a cross-section of the boiler and flues, and

Fig. 94 a sectional elevation of the back end of the boiler,

the section passing clear of the end plate, as shown in

Fig. 95, which is a longitudinal section of boiler and

seating ; Fig. 96 shows the plan of the brickwork. Figs.

97, 98, and 99 show various blocks for covering flues, &c.

At Fig. 100 is given a section of the seating of the single-
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flued, or Cornish boiler, and details are given of the fire-

clay cover and seating blocks to a larger scale in isome-

trical perspective. Fig. 101 shows a general arrangement,

Fig. 93. Cross-section of boiler and seating.

in plan, of boilers, economizer, &c., for a mill of 70,000 or

80,000 spindles.

The method of setting out the flues of both the double

Sectixirv iru CD

F,g. 9i. liaclv sectional elevation.

and single flue boilers by the agency of a simple 30 and
60 deg. set square is too plain to require explanation.

Steam engines.—In regard to the question of steam
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engines, it may be said that fashion largely prevails in this

matter. At one time nothing would do but beam-engines,

now horizontal engines are almost universally employed.

Side FIuj&

Coveruhgs.^/'^^

Fig. 97.

BcLch Cover Blocks
for dowrUaJce

27 Rojcb

Fio:. 98.

In the experience of the writer, taking into consideration

large numbers of engines, the balance of economy in fuel

consumption is on the side of the " McNaughted," or



i—^ ->;

SeoutirLq Sleeks

Fig. 99.

u

Fig. 100. Section of Cornisli boiler and seating.

Fig. 101. Plan of boilers and economizer.
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compound beam-engine, with the exception of compound
horizontal engines, with at least the small cylinder properly

steam-jacketed ; and it is reasonable to suppose that the

most economical engine would be the compound beam, with

a satisfactory jacketing, and it should be more generally

known that to jacket efficiently, steam of a higher pressure

than that used in the engine must of necessity be employed
;

and, further, the working steam itself ought to be super-

heated to a moderate extent.

Cylinders must of necessity work more freely when
vertical than when horizontal, and there is no reason why
a properly constructed beam-engine should be either more

expensive to construct, or more liable to break down than

an horizonal engine ; nor is there any reason why equally

high piston speeds should not be attained, though it is clear

that cast iron should not be employed in many situations

that have hitherto been filled by it.

A good deal of misapprehension exists in regard to the

engine question, and the writer does not expect to influence

the fashion in the matter, but gives simply the result of a

long series of observations.

Economizers.—The fuel economizer, to absorb much of

the heat of the products of combustion between the boiler

and chimney, is almost universal. An economizer of the

standard or Green type consists of a series of vertical pipes

9 feet long and 3|- inches internal diameter, arranged in

rows to the number of 6, 8, or 10 pipes per row, and these

individual rows of pipes are placed side by side to any

required number, as many as 320 pipes existing in some
sets, a convenient number of pipes being from sixty-four

to ninety-six per boiler.

The temperature of the gases entering the economizer is

commonly found between the limits 700° F. and 450°,

being usually about 600°. In passing through the

apparatus the gases impart heat to the feed-water in the

pipes, and pass away to the chimney, reduced from 100**

to 250° in temperature, commonly falling to about 400°.
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The averages of a large number of tests gives an inlet

temperature of 555°, an outlet temperature of 377°,

equal to a fall of 178"; but this average includes many
cases of insuflficiency of pipes. The rise of temperature of

the water passing through the pipes at the same time

averaged 106°, the greatest noted temperature being 285°,

a rise of 187° from feed-water supplied at 98°.

In modern mills the economizer is usually placed at the

back end of the boiler-house, transversely to the boilers.

The main flue, which receives the ends of the boiler side

flues, running between the back ends of the boilers and the

economizer, and suitable provision being made to connect

the main flue direct to the chimney, cutting the econo-

mizer out of the circuit for purposes of repair or cleaning.

Economizers require cleaning and inspecting equally with

boilers, and should not be neglected.

For a chimney draught, an economical temperature

for the smoke is about 300°, and this may in time be

generally obtained by a more rational arrangement of

economizer than that generally made, which, though very

good in practical use, is not a scientifically-arranged

apparatus, and by many engineers is considered open to

improvement.

Oil co7isumption.— In regard to the consumption of oil

by engines, it has been found that one pint of oil will

suffice for each indicated horse-power as many as 5,000

hours in favourable cases, the best results being obtained

from beam-engines
; 2,000 to 3,000 hours being a fair

average duration of a pint per horse-power, the expendi-

ture of tallow per horse-power at the same time being at

the rate of a pound in about a third to a fifth of the same
time.

Driving.—The method of driving by ropes appears to be

likely to prove permanent, at least for some time. The
capacity of a rope to drive is directly dependent upon its

velocity : at 4,000 feet per minute, a two-inch cotton rope

is considered equal to fifty horse-power.
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Mechanical stokers.—The question of stoking by ma-
chinery is an open one. The writer knows of many suc-

cessful stokers, and also of many the very reverse, and
would not like to express any general opinion on the

matter. So much depends on environment in this matter

that nothing but an inspection of the whole surroundings

of a boiler to which it is proposed to apply stokers will

suffice to arrive at a proper conclusion.
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Adulteration of cotton in packing,

28 ; with sand, 90, 325 ; with
water, 325.

Africa, cotton cultivation in, 22.

America. See United States,

South America, American, &c.

American cotton, 29, 33, 38, 40,

328, 331, 333. See also United
States, South America, Central

America, &c.

inventions. See American
machinery, Inventions, &c.

machinery, 124, 226, 297.

throstle machines, 294, 295.

Anguilla cotton, 29.

Animal fibres and those of cotton

compared, 53, 54.

Anti-balloon ring, Furniss and
Young's, 309.

Arkwright, li., and his inventions,

209, 217 ; his claims as an in-

ventor, 210 ; his patent of 1769,

ib.\ King's assistance to him,

«6. ; his improvements, 196;
his apprentice, Wright, 222.

Ai'kwright's dotfer comb machine,

111.

machine, 4, 10, 149, 196,

211, 214, 225, 230, 291 ; com-
pared with Hargreaves', 214;
when the Arkwright water-

frame became the throstle, 291.

water-frame. See Ark-
wright's machine.

Ashworth's improvement in the

throstle machine, 296.

Asia, the cottons of, 31 ; the cotton
industry there, 6, 22.

Asia Minor, cotton cultivation

there, 22.

Atmospheric effects upon cotton
in the mill, 97.

Australia, the cotton industry in,

7. See also Natal, &c.
Author, the, his aim in the present

work, 13, 76.

Automatic machines, the earliest,

226.

Axon's improvement in the thros-

tle machine, 294.

" Backing-off," described by Mr.
John Piatt, 252 ; Mr. Eli Spen-
cer on, 258.

Baker's cylinders, 221.
Baling cotton, 28, 74 ; false baling,

28. See also Packing, and Adul-
teration.

'* Ballooning," 309.

Barbadoes cotton, 16.

Belt driving, 68, 72.

Bernhardt, Mr., his doffing motion,
295.

Biancaville cotton, 33.

Blackburn, the cotton industry in,

9.

Blakey, James, his report of the

merits of the ring machine, 299.

Bobbin, the, 169, 207.

Bobbin-and-fly machines, 161,216;
their speed, 296.

Boiler-making trade, the, 339.
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Boilers, engine, 339 ; cleaning,

&e., 342 ; corrosion of boilers,

and the remedies, 71, 342 ; to

estimate the number of boilers

required, 341 ; evaporative

power of boilers, ih. ; flanging,

340 ; low-water alarms, 342
;

pipes of boilei's, ib.
;
power of

boilers, 341
;
pressure on boilers,

339 ; management of safety

valves, 322, 323, 342; setting

boilers, 342 ; size of boilers,

339. See also Furnaces, Safety

valves, &c.

of engines and the boiler-

house, 69, 70.

steam, and engines, W. H.
Booth on, 339.

Bi'khara cotton, 32.

Bolton, the cotton industry in, 9
;

the medium-fine cotton trade

of, 58.

mule yarn, 331.

Booth, W. H., on steam boilers

and engines, 339.

Booth-Sawyer spindle, the, 300.

Boulton and Watt's steam engine

applied to cotton spinning, 10.

Bourbon cotton, 16.

Bow, the, cleansing by, in India, 2.

Bowman, Dr., his inquiries into

the development ofcotton fibres,

40, et seq. ; his " Structure of

Cotton Fibre," and tables from
it, 330-4.

Brahmins, cotton used for their

clothing, 18.

Bramwell's wool feeding machine
might be applied to cotton,

103-5.

Brazil, cotton cultivation, 22, and
industry there, 2.

Brewster, Dr., his automatic ma-
chine, 226.

Broach cotton, 31.

Brooks, S., his doflfing motion,

296.

his doubling frame, 300.

his warp ring machine, 302.

Brooks, S., his weft spinning ma-
chine, 314.

Brooks and Blakey's re-introduc-

tion of the ring machine to

England, 299.

Brown and Powell's improved
throstle machine, 295.

Brunswick flax spinning wheel,

the, 197.

Buchanan's automatic machine,
226.

Butterworth, Mr. J., his micro-

scopic examinations of cotton

fibre, 49-52.

Buying cotton, guide to, 38.

Calicos, the, of Calicut, their im-

portation to England before the

invention of spinning machinery,
201.

Card clothing, 325 ; temperature
in relation to, ib. ; india-rubber

card clothing and its manage-
ment, 326 ; oil paint should not

be used on the cylinders, ib.
;

covering iron cylinders, 327
;

unsuitable hand-strippers, ib.
;

Walton and Sons' cu'cular on
mounting cards, ib.

Card clothiers, 125.

teeth, points of, 131.

Carding, 75, 325 ; light carding,

130.

machines, \lO,et seq. ; a new
American machine,124; breaker
and finisher cards, 130; double
carding machines, 129 ; the

Derby doubler, 129 ; " the

draught" in carding, 119; re-

volving flat card machines, 119,

122 ; Howard's electrical stop-

motion, 158 ; the roller machine,
112 ; Wellman's cards, and the

improvements upon them, 119,

et seq.

and combing, ] 08-45.

Cards, grinding the, 130 ; me-
chanical and hand grinding,

131.
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Cards, hand, used with the old spin-

ning wheels, 197.

leather and india-rubber,

326.

Carolina, U.S., early cultivation

of cotton there, 10. See also

United States, &c.
CartWright, the Kev. Dr., his

power loom, 1785, 10, 226; his

automatic machine, 226.

Castellamare cotton, 33.

Cheshire, the cotton industry in,

11.

China, the cottons of, 31 ; cotton

cultivation, 22, and industry

there, 2, 6.

Clayton's tube lap-roller, 105.

Click gear, 270.

Coal consumption in boiler fur-

naces, 341.

Coats, J. P., and Co., of Paisley,

321.

Combing, 75, 135, eiseq. See also

Carding.

machines, 135. et seg. ; Heil-

mann's, and its improvements,
135.

Competition in the cotton trade,

57.

Continent, the, cotton industry on,

6,7.
Copping apparatus, 226, 239.

Corrosion of boilers, 71, 342.

Cotton, the plant, and its botani-

cal classification, 1, 14, 16, 20.

its fibre, &c., 40, et seq. See

also Fibre.

commercial designations and
varieties of, 22, 35, et seq., 142,

159 ; standards of cotton at

Liverpool, 38-40. See also Yarn.
its cultivation and manufac-

ture in different parts of the

world, 1, 23, et seq. ; when pre-

maturely gathered, and when
over-ripe, 78 ; soils fit for grow-
ing, 22.

districts in England, the, 9,

13, 58.

Cotton, examination and testing of,

76, et seq., 325. See also Test-

ing, Adulteration, &c.

the manufacture of, its scien-

tific principles, 55, 56. See also

under the various processes, &c.
mill, the. See Mill, cotton.

seed. See Seed.

trade, present magnitude of
the industry throughout the
world, 7, 8 ; in England, 1

;

gluts and crises in the trade,

11 ; the Lancashire cotton

famine, ib. ; statistics of facto-

ries, &c., in the United King-
dom, ib. ; the Doubling branch
of the trade, 314 ; trades bene-

fited by the cotton industry, 12

;

its future, ib. ; advice on enter-

ing the business, 57 ; buying
cotton, guide to, 38 ; the pro-

cesses of spinning, 58 ; branches
of the trade, where located, ib.

See also under Spinning, Ma-
chinery, &c.

Counts of yarn, 329. See also

Yarn, Twist, &c.

Crighton's opening machine, 85,

92.

scutching machine, 94.

Crises and gluts in the cotton

trade, 11.

Crochet yarns, 336.

Crompton, Samuel, 209.

his mule, 10, 203, 2 1 6, e^ seq.

,

230; his machine in 1787,10;
improvements upon it, 217, et

seq. ; his roller system, 218. See

also Mule machine.

Crum, Mr. Walter, his observa-

tions of cotton fibre, 51.

Cultivation of cotton, the process

23, et seq.

Curtis and Sons' mule, 243.

Cyprus cotton, 32.

Damp cotton, 77, 97.

Dancer, Mr., his microscopic ex-

aminations of cotton fibre, 50.

A A
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Danfortli throstle machine, the,

294, 297.

De Jongh's automatic machine,

226.

Derbyshire, the cotton industrj' in,

11.

Dharwar cotton, 31.

Dhollera cotton, 31.

"Differential motion" in the roving

process, 168, 264.

Distaff, the, 2, 192, 200 ; early use

in India, 2.

Dobson and Barlow's improve-

ments on Heilmann's comber,

140; Imb's ditto, 142.

Doffer comb. See Combing and
Carding.

Doffing, 165, 187, 295, 307 ; im-

provements in, 308.

motions of Messrs. Bern-

hardt and Brooks, 295-6.

Doubling, 76, 147, 314 ; dry
doubling, 318 ; the Doubling
branch of the cotton trade, its

productions and importance,

314.

machines, 315-18; Brooks'

ring, 318; the throstle, 315;
the twiner, 318.

" Draught, the," in carding, 119.

Drawing, 75, 146, 215.

machines, 151, 216; James
Smith's, 158 ; Howard and Bul-

lough's electrical stop motion, ib.

rollers, 243.

"Drawing-out, Middle," appara-

tus, 243.

Drinkwater, Mr., and the first

employment of steam power,

10.

Driving, by rope, by belt, &c., 68,

72, 348.

Eaton, W., his copping motion,

1818,226.
Eaton's automatic machine, 226.

Egyptian cotton, 16, 29, 30, 33,

38, 40, 328, 331, 333 ; the long-

stapled sorts, 16; cotton culti-

vation, 22, and manufacture in

Egypt, 2.

Ellison and Co.'s estimates of pro-

duction and consumption in the

cotton trades, 8.

Embroidery cottons, 336.

Engines for cotton mills, 67 ; bean
and horizontal engines, 345

;

the McNaughted beam engine,

ib. ; capabilities of engines, 323

;

chimney draught for, 348
;

economizers of fuel, 347-8 ; feed-

water temperature, 348 ; horse-

power of engines, nominal, indi-

cated, and commercial, 324 ; to

find the power of engines, ib.
;

mechanical stokers, 349 ; oil

consumption of engines, 348
;

rope and belt driving, 68, 72,

348. See also Furnaces, Boilers,

&c.

England, the cotton industry in,

statistics of, &c., 7, 11, 13.

the cotton districts of, their

growth, 9.

Europe, continental, its cotton in-

dustry, 6j 7.

Factories, people employed in,

statistics, &c., 12.

Factory system, beginning of it,

about 1770, 9.

Faller wire, the, and the counter

faller, 225, 227.

motion, 280, 281, fifseg
;

the same described by Mr. John
Piatt, 244, et seq.

Feeding, 97 ; cheap labour at, de-

precated, 96.

machine, the lever, or piano

arrangement, 98.

Fibre, cotton, structure of, and its

bearing upon quality, 46, et seq.
;

tables from Dr. Bowman's
" Structure of Cotton Fibre,"

330-4 ; microscopic observations

by Messrs. O'Neil, Dancer, and
Butterworth, 49-52 ; compari-

son of the fibres of cotton, woo],
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and hair, 53, 54 ; imperfectly

deA-eloped fibres in the mill, 108.

Fire, precautions against, and in-

surance of mill property, 66.

Firmin's " Employment of the

Poor," referred to, 215.

Flax-dresser's heckle, the, 1 10.

Flax spinning wheel, the Bruns-
wick, of 1533, 197 ; the Saxuny,
ib.

" Fly," cotton, 114.

Flyer, the, 169, 198, 207, 215.

France, the cotton industry in, 6
;

machinery introduced there,

1787, 10.

French weights and measures of

yarns. See Weights, &c.

Fuel, economizers of, 347.

Furnaces of engines, 71, 340 ; coal

consumption of, 341.

Furniss and Young's anti-balloon

ring, 309.

Gearing, 68, 72.

Georgia, U. S., early cultivation of

cotton there, 10. See also

United States, &c.

Germany, the cotton industry in,

6.

Ginning, cotton, 24, 74, 109.

Glasgow, the, or Montgomery
throstle machine, 295.

Gluts, cotton, 11.

Gore, Mr. H.,his improved throstle

machine, 294.

Gossypiuni (cotton), the four pri-

mai"y varieties, 14, 15.

Greece, growth of cotton in, 32.

Green-seeded cotton, 16.

Grinding the cards. See Cards,

&c.
« Grist," the, 147.

Growing, cotton, estimates ofcost,

26. /S^e also under Cotton, cul-

tivation of.

Hair, fibres of, compared with
cotton fibres, 53, 54.

Haley's horizontal cylinder, 217.

Hand-card of the wool-comber
110.

Hand-cards. See Cards.

Hand labour versus machine
labour, 77, 96, 97. See also

Hand- spinning.

Hand-spinning, 201.

and machine spinning of fine

yarns, 281, e^ scq.

Hargreaves, James, of Blackburn,

and his spinning-jenny, 4, 10,

110, 197, 198, 200, 202, 206,

209, 210, 216, 225, 230; rela-

tive qualities of his, Arkwrighi's,

and Crompton's machines, 214,

272 ; his carding machine, made
for Mr. Robert Feel, 110, 111

;

improvements of his jenny, 217,

219.

James, of Tottington,his in-

ventions, 222.

Headstock, the mule, 240.

Heating, economical, 71.

Heckle, the, of the flax-dresser,

110.

Heilmann's combing machine,

135.

Hindoos, lack of inventiveness

among them, 3.

Hingunghat cotton, 31.

Hints, useful, in cotton spinning,

322.

Holdsworth's solution of the " dif-

ferential motion" problem, 168,

264.

Horse-power of engines. Set

Engines.

Horsfall mechanical grinder, the,

132.

Howard and Bullough's electrical

stop-motion, 158; their Rabbeth
spindle, 302.

India, calicos, &c., of, 201.

the cottons of, 16, 18, 31, 33,

38, 40 ; cultivation of cotton

there, 22 ; the birthplace of the

cotton manufacture, 2
; the trade

there since, 2, 7, 209.
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Insurance ofmills, and precautions

against fire, 66.

Intermediate, &c., frames, the

twist of, Mr. Evan Leigh on,

328.

and roving machines, 75,

158, 161, 162, 188,216.
Inventiveness of the Hindoo races,

imperfect development of, 3.

Inventors of spinning machinery,
relative merits of the four great-

est, Hargreaves, Arkwright,
Crompton, and Roberts, 214,

230, 272.

of spinning machinery, suc-

cession of, and their works, 217,

et seq. See also Spinning, &c.

Ireland, the cotton industry in,

11.

Italy, growth of cotton in, 32.

Jacking, or stretching, 272.

Japan, the cotton of, 32 ; the cot-

ton industry there, 6.

Java cotton, 32.

Jencks, the supposed inventor of

the ring frame, 298.

Jenny, the spinning. See Har-
greaves' machine, &c.

Jersey, the, or common spinning

wheel of Europe, 196, 200.

Kay, of Bury, and his inventions,

4, 202 5 his picking stick, &c.,

202.

Kelly's improvements upon Cromp-
ton's machine, 222.

Kennedy's improvements upon
Crompton's machine, 223.

King, the watchmaker, his assis-

tance to Arkwright, 210.

Knitting yarns, 336.

Labour saved by cotton machinery,
8.

skilled, 59.

slave. See Slavery.

Labour, the transition from female

to male labour in cotton spin-

ning, 224, 297 ; male and fe-

male spinners in America, 297.

Lancasiiire, the cotton industry in,

9, 11.

south east and east, the me-
dium-fine cotton trade there,

58.

Lap, the, 93.

finisher machines, 101, 105.

machines, 87, 105.

Lap-roller, tubular, Clayton's, 105.

Leigh, Mr. Evan, his improvement
in the roving machine, 163

;

his " secret worth knowing " on
the twist of slubbing, roving,

and intermediate frames, 328.

Leipsic wheel, the, 206. See also

Saxony wheel.

Liverpool Cotton Brokers' Asso-

ciation, its cotton standards,

38.

Machinery, cotton, 73, 77, 105,

2 10 ; introduced into France and
United States, 1787, 10; Boul-

ton and Watt's first steam
spinner, 1789, 10; the begin-

ning of the modern machinery,
4 ; American improvements in,

124. See also under the names
of the various machines and pro-

cesses.

discoveries in, due to the

cotton industries, 1.

labour saved by, 8.

Machines, should not be over-

worked, 130 ; oiling and clean-

ing them, 107.

Manchester, the cotton industry

in, 9 ; the fine cotton trade of,

58.

Maranham cotton, 30.

Markets, cotton, 59.

McNaughted beam-engine, the,

345.

Measures and weights of cotton.

See Weights, &c.



INDEX. 357

Mechanical World, the, 339.

Memphis (middling) cotton, 334.

Middle drawing-out apparatus,

243.

Mill, the cotton, fitting locality,

site, building, and appoint-

ments for, 57-72 ; Stott and
Sons' plan of a mill, 62 ; useful

hints for various parts of, 322,

et seq.

Miscellaneous hints, 322, et seq.

Mixing cotton, 74, 78, et seq.

Mixing-book, the, 77.

Montgomery, the, or Glasgow
throstle machine, 295.

Mounting cards. See Card cloth-

ing, &c.

Mule headstock, the, 240.

Mule machine, the, 210. See also

Crompton's machine.

the modern, and its latest

improvements, 231-90.

and throstle machines com-
pared, 297.

and throstle spinning, the

competition between, 310.
" Mule Spinning Process, The,"

quoted, 189.

Mulhausen, a continental centre

of the cotton trade, 135.

Nankin cotton, 32.

Natal, cotton cultivation in, 22.

Need and Strutt, Arkwriglit's

partners, 211.

New South Wales, cotton cultiva-

tion in, 22.

New Zealand, the cotton industry

in, 7.

Nose peg, the, and Piatt's auto-

matic nosing motion, 264.
*' Nujs' ?otton," 20.

Oil consumption of engines, 348.

from cotton seeds, 27.

Oldham, the cotton industry in,

10; the coarse cotton trade of,

58 ; the waste cotton trade of,

ib.

O'Neil, Mr. Charles, his micro-

scopic examinations of cotton

fibre, 49-51.

Oomrawuttee cotton, 31.

Opening, 74. See also Willow-

ing.

machines, 85, 87, 90, 92
;

the Crighton, 85, 92 ; the Por-

cupine, 87.

Orleans cotton, 30.

Organ hand-mule, the, 281, 290.

Packing, or baling cotton, 28, 74.

Paint, oil, for card cylinders, con-

demned, 326.

Paul's early carding machine, 110;
his plan for roving, 149.

Paul and Wyatt's roller improve-

ments, 214.

Peel, Mr. Robert, employs Ilar-

greaves to make a carding ma-
chine, 1762, 110, HI.

Pernambuco cotton, 40.
" Pernams " cotton, 30.

Persia, cotton cultivation in, 32.

Peruvian cotton, 30.

Picking cotton, 23.

Picking-stick, &c., Kay's, 4, 202.

Planting cotton, 23.

Piatt, Mr. John, his paper on
" Cotton Spinning " quoted,

244, 252.

Platts, Messrs., their automatic

nosing motion, 264.

machines for fine yarn, 274,
et seq.

Pod, cotton, the, stages of growth,
&c., 40, et seq.

Porcupine opener, the, 87.

Port Natal cotton, 40. See also

Natal.

Power transmitted by ropes, belts,

or gearing, 67, 68, 72, 348.

Pressure of boilers. See Boder,
Valves, &c.

Processes of cotton spinning, the,

73, et seq. See also the various

processes by name.
"Protection,"' the fallacy of, 13;

A A 2
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effects of, in tlie United States

cotton trade, 312.

Pugliar cotton, 33.

Queensland, cotton cultivation

there, 22.

Eabbeth spindle, the, 305 ; Messrs.

Howard's, 302.

Eing machine, the, and ring spin-

ning, 210, 211, 291-321.

and mule spinning, the com-
petition between, 310.

doubling machine. Brook's,

318 ; ring doubling on the Scotch
system, 321.

Rioting consequent upon the in-

ventiun of the spinning jenny,

1767,210.
Koberts, Kichard, his machine,
and its improvements, 1825-

1830, 227, et seq., 253, 262.

Rochdale, the coarse cotton trade

of, 58.

Roller drawing, 215. See also

Drawing.
improvements upon Har-

greaves' machine, 214.

Ropes preferable to belts for trans-

mitting power, 68, 72, 348.

Rossendale Valley disti'icts, the

coarse cotton trade of, 58.

Roving, 76, 162, ct seq.; "diffe-

rential motion " in the process,

and Holdsworth's solution of its

problem, 168, et seq.

machines, 158, 161, 162, 216;
Evan Leigh's improvement, 1 63

;

the self-acting stopping arrange-
ment, 185.

Rovings and shibbings, the twist

of, Mr. Evan Leigh on, 328.

Royle, Dr. , his classification of the
cotton plant, 14.

Russian promotion of cotton culti-

vation in Turkestan, 32.

Safety valves of boilers. See

Valves,

Sand, adulteration of cotton with^

90, 325.
' Santos " cottons, 30.

Saw-gin, the, 25.

Saxony spinning-wheel, the, 3,

197, 206,209, 210, 215.

Scale in boilers, and the remedy for

it, 71.

Scotch ring doubling system, the,

321.

Scotland, the cotton industry in,

11.

Scribbler machine, the, in woollen
manufacture, 103.

Scutching, 75, 93.

machines, 87, 94.

Sea Island cotton, 16, 22, 29, 33,

40, 328, 331.

Secession war. See United States,

and War.
Seed, cotton, use of, for extraction

of oil, and for cattle feeding, 26

;

in the pod, &c., 40, et seq.

Sewing cotton, combing for, 135.

Shafting, to find the speed in,

324.

Shaw and Cottam's improvement
in the throstle machine, 295.

Shuttle, the, Kay's improvements
in, 4.

Slater, Samuel, Arkwright's ap-

prentice, 10.

Slavery in the United States,

effects of its abolition on the cot-

ton trade, 11, 25, 27, 28.

Sliver, the, irregularities of, 147,

et seq.

cans, the, 188.

Slubbing, 75, Itil. See also Inter-

mediate or second slubbing.

billy, the, 219.

machines, 158, 161, 162, 188,

216.

Slubbings and rovings, twist of,

Mr. Evan Leigh on, 328.

Smalley, John, Arkwright's capi-

talist, 211.

Smith, of Deanston, his automatic

machine, 226.
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Smyrna cotton, 16, 32.

Soils for cotton growing, 22, 33.

South American cotton, 29, 38.

See also Brazil, &c.

Spain an unutilized field for cotton

growing, 32.

Speed of the bobbin-and-fly ma-
chines, 296.

in shafting, 324 ; speed of a

belt or rope driven pulley, ib.

of the throstle machines, 293.

Spencer, IVIi*. Eli, his paper on re-

cent improvements in cotton

machinery, 257, 276.

Spindle, the, 169; early spindlp«,

2, 200.

the Booth-Saw3-er, 300.

Spinning, cotton, 76 ; definition,

73, 192
;
possible origin of, 190;

its history, 190, et seq. ; de-

scribed by ancient writers, 193
;

the connection between the old

and the new systems of spinning,

199 ; the transit from the early

to modern system, 216; labour

transferred from females to

males, 224, 297 ; application of

steam power, 223 ; the modern
system of spinning, 200, et seq.

;

spinning processes, 73, et seq.

See also under Cotton, Ma-
chinery, and under the names of

the various machines and pro-

cesses, also under Hand spin-

ning, &c.

and the weaving trades, 202.

Spinning-jenny. See Spinning-

wheel, Hargreaves, &c.

Spinning-wheel, the, early one-

thread wheels of India, inc., 2,

194, 195; the hand wheel of

1530, 3 ; the Saxony wheel, ib.,

215 ; the " two-handed" wheel,

4, 198 ; the Jersey wheel, 196
;

Hargreaves' spinning-jenny,

1767, 4. See also under Ma-
chinery, Hargreaves,Arkwright,
&c. &c.

Spinsters with the distaff, 194.

Spon's ''Encyclopaedia ofthe Indus-

trial Arts," 74, 232.

Standards of cotton, 38-40.

Staple, length of, in several varie-

ties of cotton, 39, 40.

Statistics of the cotton industry

throughout the world, 7, 8.

Steam power, 69, 292.

application of, to spinning ma-
chinery, 223 ; the first steam
spinner at Drinkwater's factory,

1789, 10.

engines. See Engines.

Stokers, mechanical, 349.

Stones, H. , his improvement of

Crompton^s rollers, 218.

Stott and Sons' plan of a cotton

mill, 62, et seq.

Strength ofyarns and cotton fibres.

See Yarn, Cotton, and Fibre.

Stretching, or jacking, 272.

Surat cotton, 16, 328.

Switzerland, the cotton industry

in, 6.

Syria, cotton cultivation in, 32.

Taylor and Eamsden's improved
throstle doubling spindle, 316.

Tempei'ature, effects of, on cotton

in the mill, 97, 160; tempera-

ture in relation to card clothing,

325.

Terranova cotton, 33.

Test or loss-book, the, 76.

Testing, cotton, 76, et seq., 325.

See also Adulteration.

Textile Manufacturer, the, 68,

309.

Threlfall, Messrs., their fine mules,

290.

Throstle spinning, 291-6.

doubling machines, 161,216,
315 ; improvements in, 316.

machines, 116, 210, 218,

291-6.

and mule machines compared,
297.

Todmorden,the coarse cotton trade

of, 58.
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Traveller clearer, the, 310.

Traverse rail invented by Coniah
Wood, 1772, 216.

Turkestan cotton, 32.

Turkey, cotton grown in, 32.

Tw^iner doubling machines, 318.

yarn, 331.

Twist for doubling of yarns, 335
;

how to find the proper amount
of twist, 327 ; Mr. Evan Leigh
on the twist of slubbings and
rovings, 328.

LTnited States of America, the

cottons of, 16, 27, et those

produced before, and those after,

the abolition of slavery, 27, 28
;

cotton cultivation there, 22 ; the

Secession war, and the resulting

cotton famine in Lancashire, 1 1

;

statistics of production, 7, 8,25
;

false baling and adulteration

there, 28 ; cotton manufacture
there, 2, 5-7, 312; the first

cotton mill there, 1787, 10;
machinery there, and improve-
ments in it, 5-7, 10, 312 ; effects

of " protection " there, 312. See

also America, Carolina, Ma-
chinery, &c.

" Uplands " cotton, 22.

Valves, safety, of boilers, manage-
ment of, 323, 342 ; to find the

area of the valve, ib. ; to find

the pressure, 323 ; to find the

weight on the square inch, ib.
;

to find a weight to resist pres-

sure, ib.

Walton and Sons, Messrs. James,
their ch'cular on card mounting,
327.

War, civil, in the United States,

its effects on the cotton trade,

11,25.
Warden, A. J., on the " two-
handed" spinning wheel, 198.

Water, adulteration of cotton with,

325.

Water-frame, the, 4. See also

ArkWright's machine, &c.

Water power for machinery, 69
;

it displaced by steam, 292.
Watt. See Boulton and Watt.
Weaving, early, in India, 3.

the, and the spinning trades,

202, 225.

Weft spinning, 313 ; Brooks' ma-
chine, 314.

Weights and measures of cottons,

yarns, &c., English and French,
329, 330; rules for converting
the one measure to the other,

ib.

Wellman's carding machines, and
improvements, 119, et seq.

West Indies, the cotton of, 29
;

cotton cultivation there, 22 ; the

cotton industry there, 2.

Wharve, the, 196, 207.

Whorl, the, and the distaff, 192.

Willowing, 72, 82, etseq., 105. See

also Opening.
machine, the Oldham, 83.

Winding arrangement, details of

the, 238.

difficulty, the, 226, 227
;

Eaton's invention, ib.

quadrant, the, 253, 262.

Wood, Coniah, his invention of the

traA'erse rail, 216.

Wool-comber, the, and its hand-
card, 110.

Wool fibres compared with those

of cotton, 53, 54.

Wright, Arkwright's apprentice,

his improvements upon Cromp-
ton, 222.

Wyatt and Paul's roller improve-
ments, 214.

Yarn, 74 ; Bolton mule yarn, 331

;

the production of fine 3'arii, 274,
et seq. ; hand-spun yarn, 201

;

quality of, late improvement in,

272; twiner yarn, 331.
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Yarn, counts of, 329. See also

Twist, &c.

Yarns commercially described,

314 ; their denominations,
weights, and measures, English
and'French, 329, 330.

qualities producible by the

ring and mule machines respec-

tively, 312.

Yarns, strength of. Dr. Bowman's
tables, 330-4.

twist for doubling, 335.

See also Knitting yarns,
&c.

Yorkshire, the cotton industry in,

11.
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—
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' The admirable series of technological handbooks.'— ^r/^w/i Journal ofCommerce.
' Messrs. Bell's excellent technical series.'

—

Manchester Guardian.
' Of inestimable value to manufacturers as well as teachers and students.'

Mattchester Courier.

Edited by SIR H. TRUEMAN WOOD.
A Series of Technical Manuals for the use of Workmen and others

practically interested in the Industrial Arts, and specially adapted for

Candidates in the Examinations of the City Guilds Institute.

Illustrated and uniformly printed in small post 8vo.

COTTON WEAVING: Its Development, Principles, and
Practice. By R. Marsden, Honorary Examiner to the City and

Guilds of London Institute, and Editor of the Textile Mercury. With

numerous Illustrations. \os. 6d.

' Taken altogether, this work, which is one of Messrs. Bell's " Technological Series,"

is probably the most comprehensive and satisfactory book on cotton weaving which has
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—

Manchester Guardian.

COTTON SPINNING: Its Development, Principles, and
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R. Marsden. Fifth Edition. 6^. 6d.

' Practical spinners, of whom Mr. Marsden is evidently one, will value this volume as
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clearness. '

—
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WOOLLEN AND WORSTED CLOTH MANUFAC-
TURE. By Professor Robert Beaumont, Textile Industries

Department of the Yorkshire College, Leeds. Third Edition,

Re-written. ']s. 6d.

' It should be studied and inwardly digested by every student of the textile arts.'—
Textile Recorder.

SILK DYEING. By G. H. Hurst, F.C.S., Lecturer at the
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Industry, Silver Medallist, City and Guilds of London Institute.

With numerous Coloured Patterns, "js. 6d.
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Textile
Mercury.

PLUMBING: ITS THEORY AND PRACTICE.
By S. Stevens Hellyer, Author of ' The Plumber and Sanitary
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&c. With Illustrations. Fourth Edition, Revised. 5^.
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Building' News.



PRINTING. A Practical Treatise on the Art of Typography
as applied more particularly to the Printing of Books. By C. T. Jacobi,
Manager of the Chiswick Press ; Examiner in Typography to the

City and Guilds of London Institute. With upwards of 150 Illustra-

tions, many useful Tables, and Glossarial Index of Technical Terms
and Phrases. Second Edition. 5J-.

' It deals with the subject in an exhaustive and succinct manner. .
_ . . We wish

it all the success it deserves in its efforts on behalf of technological education.'

—

Printing
Titnes and Lithographer.

BOOKBINDING: A Practical Treatise on the Art. By J. W.
Zaehnsdorf. With 8 coloured Plates and numerous diagrams.

Fifth Edition. 5^.

' No more competent writer upon his art could have been found. . . . An excellent

example of a technical text-book. '

—

Industries.

GIASS MANUFACTURE. By H. J. Powell, B.A.
(Whitefriars Glass Works), with Chapters on Crown and Sheet
Glass, by Henry Chance, M.A. (Chance Bros., Birmingham),
and on Plate Glass, by H. G. Harris, Assoc. Memb. Inst. C.E.

SOAP MANUFACTURE. A Practical Treatise on the

Fabrication of Hard and Soft Soaps, and Analytical Methods for the

determination of their Chemical Composition : together with a short

account of the materials employed. By W. Lawrence Gadd, F. I.C,

F.C.S., Registered Lecturer on Soap Making, and the Technology of

Oils and Fats ; also on Bleaching, Dyeing, and Calico Printing, to

the City and Guilds of London Institute. Second Edition. 5^-.

' It is admirably suited to the requirements of the student, being well got up, pre-

cisely written, and at the same time free from superfluous technicalities and confusing

elaboration.'

—

Chetnical Trade Journal.

GAS MANUFACTURE. By John Hornby, F.I.C,

Honours Medallist in Gas Manufactures; Lecturer under the City and

Guilds of London Institute ; Author of ' The Gas Engineer's Laboratory

Handbook.' Second Edition, Revised. 55.

THE ART AND CRAFT OF COACH BUILDING.
By John Philipson, M.Inst. M.E., Past President of the Institute

of British Carriage Manufacturers ; Member of the Coachmakers' and

Coach Harness Makers' Company, London ; the Society of Arts, and

the Carriage Builders' National Association, U.S.A., &c. 6s.

An excellent example of the manner in which such works should be prepared. The
author is one of the best-known carriage builders in the United Kingdom, but, not being
content to rely on his own extensive knowledge, he has called in the assistance of some
five or six friends to correct his proofs, who, like himself, enjoy the distinction of being
past-masters of their craft ; the result is that the accuracy of this text-book cannot be
questioned, and the student, the practical man, or the general reader may refer to it with
complete confidence. '

—

A utomotor and Horseless Vehicle Journal.
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I



Contained in Bohns Libraries.

BLAIR'S Index of Dates. Com-
prehending the principal Facts in

the Chronology and History of

the World, alphabetically ar-

ranged ; being a complete Index
to Blair's Chronological Tables.

By J. W. Rosse. 2 vols. 5^. each.

BLEEK, Introduction to the
Old Testament. By Friedrich

Bleek. Edited by Johann Bleek
and Adolf Kamphausen. Trans-

lated by G. H. Venables, under
the supervision of the Rev. Canon
Venables, 2 vols. 5^. each.

BOETHIUS'S Consolation of
Philosopliy. King Alfred's Anglo-
Saxon Version of. With a literal

English Translation on opposite

pages. Notes, Introduction, and
Glossary, by Rev. S. Fox, M.A.

BOHN'S Dictionary of Poetical

Quotations. 4th edition. 6^-.

Handbooks of Athletic
Sports. In 8 vols., each con-

taining numerous Illustrations.

3^. dd. each.

I.—Cricket, Lawn Tennis,

Tennis, Rackets, Fives,

Golf.

II.—Rowing and Sculling,

Sailing, Swimming.

III.—Boxing, Broadsword,
Single Stick,&c.,Wrest-
ling, Fencing.

IV.—Rugby Football, Associa-

tion Football, Baseball,

Rounders, Fieldball,
Quoits, Skittles, Bowls,

Curling,

v.—Cycling, Athletics, Skat-

ing.

VI.—Practical Horsemanship,
including Riding for

Ladies.

VII.—Camping Out, Canoeing.

VIII.—Gymnastics, Indian Clubs.

BOHN'S Handbooks of Games.
New edition. In 2 vols., with

numerous Illustrations 3^. dd.

each.

Vol. I.—Table Games : -Bil-

liards, Chess, Draughts, Back-
gammon, Dominoes, Solitaire,

Reversi, Go-Bang, Rouge et Noir,

Roulette, E.G., Hazard, Faro.

Vol. II. — Card Games :
—

Whist, Solo Whist, Poker, Piquet,

Ecarte, Euchre, Bezique. Crib-

bage, Loo, Vingt-et-un, Napoleon,
Newmarket, Pope Joan, Specula-

tion, &c., &c.

BOND'S A Handy Book of Rules
and Tables for verifying Dates
with the Christian Era, &c. Giving

an account of the Chief Eras and
Systems used by various Nations ;

with the easy Methods for deter-

mining the Corresponding Dates.

By J. J. Bond. 5^.

BONOMI'S Nineveh and its

Palaces. 7 Plates and 294 Wood -

cut Illustrations. 51.

BOSWELL'S Life of Johnson,
with the Tour in the Hebrides
and JOHNSONIANA. Edited by

. the Rev. A. Napier, M.A. With
Frontispiece to each vol. 6 vols.

35'. dd. each.

BRAND'S Popular Antiquities

of England, Scotland, and Ire-

land. Arranged, revised, and

greatly enlarged, by Sir Henry
Ellis, K.H., F.R.S., &c., &c. 3
vols. ^s. each.

BREMER'S (Frederika) Works.
Translated by Mary Howitt. 4
vols. 3^. dd. each.

BRIDGWATER TREATISES.
Bell (Sir Charles) on the Hand.
With numerous Woodcuts, ^s.

Kirby on the History, Habits,

and Instincts of Animals.
Edited by T. Rymer Jones.

Wiih upwards of lOO Woodcuts.
2 vols. 5.r. each.
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Bridgwater Treatises conthiued.

Kidd on the Adaptation of Ex-
ternal Nature to the Physical
Condition of Man. 3^. dd.

Chalmers on the Adaptation
of External Nature to the
Moral and Intellectual Con-
stitution of Man. 51,

BRINK (B. ten) Early Enghsh
Literature. By Bernhard ten

Brink. Vol. I. To Wyclif. Trans-
lated by Horace M. Kennedy.

Vol. II. Wyclif, Chaucer, Ear-
liest Drama Renaissance. Trans-
lated by W. Clarke Robinson,
Ph.D. 3^. 6^.

Vol. III. From the Fourteenth
Century to the Death of Surrey.

Edited by Dr. Alois Brandl.
Trans, by L. Dora Schmitz.

y. 6d.

Five Lectures on Shake-
speare. Trans, by Julia Franklin.

3^. 6d.

BROWNE'S (Sir Thomas)Works
Edited by Simon Wilkin. 3 vols.

31. 6d. each.

BURKE'S Works. S vols. 3^.6^/.

each.

I.—Vindication of Natural So-
ciety—Essay on the Sub-
lime and Beautiful, and
various Political Miscel-

lanies.

II.—Reflections on the French
RevoUilion — Letters re-

lating to the Bristol Elec-

tion— Speech on Fox's
East India Bill, &c.

In.—Appeal from the New to the

Old Whigs—On the Na-
bob of Arcot's Debts—
The Catholic Claims, &c.

Burke's Works continued.

IV.—Report on the Affairs of

India, and Articles of
Charge against Warren
Hastings,

v.—Conclusion of the Articles of

Charge against Warren
Hastings— Political Let-
ters on the AmericanWar,
on a Regicide Peace, to

the Empress of Russia.

VI.—Miscellaneous Speeches—
Letters and Fragments

—

Abridgments of English
History, &c. With a
General Index.

VII. & VIII.—Speeches on the Im-
peachment of Warren
Hastings ; and Letters.

With Index. 2 vols.

3^-. dd. each.

Life. By Sir J. Prior. 3.^. dd.

BURNEY'S Evelina. By Frances
Burney (Mme. D'Arblay). With
an Introduction and Notes by
A. R. Ellis. 3^. dd.

Cecilia. With an Introduc-
tion and Notes by A. R. Ellis.

2 vols. 35-. dd. each.

BURN (R.) Ancient Rome and
its Neighbourhood. An Illus-

trated Handbook to the Ruins in

the City and the Campagna, for

the use of Travellers. By Robert
Burn, M.A. With numerous
Illustrations, Maps, and Plans.

7j. dd.

BURNS (Robert), Life of. By

J. G. Lockhart, D.C.L. A
new and enlarged Edition. Re-
vised by W^illiam Scott Douglas.

3^. dd.

BURTON'S (Robert) Anatomy of
Melancholy. Edited by the Rev.

A. R. Shilleto, M.A. With In-

troduction by A. H. Bullen, and
full Index. 3 vols. 3^^. dd, each.
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BURTON (Sir R. P.) Personal
Narrative of a Pilgrimage to

Al-Madinah and Meccah. By
Captain Sir Richard F. Burton,
K.C.M.G. With an Introduction
by Stanley Lane- Poole, and all

the original Illustrations. 2 vols.

3^-. 6d. each.

:^*^ This is the copyright edi-

tion, containing the author's latest

notes.

BUTLER'S (Bishop) Analogy of
Religion, Natural and Revealed,
to the Constitution and Course of
Nature ; together with two Dis-

sertations on Personal Identity and
on the Nature of Virtue, and
Fifteen Sermons. 3^-. 6d.

BUTLER'S (Samuel) Hudibras.
With Variorum Notes, a Bio-

graphy, Portrait, and 28 Illus-

trations. 5j.

or, further Illustrated with 60
Outline Portraits. 2 vols. 5^.

each.

C-S3SAR. Commentaries on the
Gallic and Civil Wars, Trans-
lated by W, A. McDevitte, B.A.
Ss.

CAMOENS' Lusiad ; or, the Dis-

covery of India. An Epic Poem.
Translated by W. J. Mickle. 5th

Edition, revised by E. R. Hodges,
M.C.P. 3^. 6d.

CARAFAS (The) of Maddaloni.
Naples under Spanish Dominion.
Translated from the German of

Alfred de Reumont. 3^. 6d.

CARLYLE'S Sartor Resartus.
With 75 Illustrations by Edmund
J. Sullivan. 5^-.

CARPENTER'S (Dr. W. B.)
Zoology. Revised Edition, by
W. S. Dallas, F.L.S. With very
numerous Woodcuts. Vol. I. 65-.

[ Vol. II. out ofprint.

CARPENTER'S Mechanical
Philosophy, Astronomy, and
Horology. 181 Woodcuts. 55.

Vegetable Physiology and
Systematic Botany. Revised
Edition, by E. Lankester, M.D.,
&c. With very numerous Wood-
cuts, ds.

Animal Physiology. Revised
Edition. With upwards of 300
Woodcuts. 6j-.

CASTLE (E.) Schools and
Masters of Fence, from the
Middle Ages to the End of the
Eighteenth Century. By Egerton
Castle, M.A., F.S.A. With a
Complete Bibliography. Illus-

trated with 140 Reproductions of
Old Engravings and 6 Plates of
Swords, showing 114 Examples.

CATTERMOLE'S Evenings at
Haddon Hall. With 24 En-
gravings on Steel from designs by
Cattermole, the Letterpress by the
Baroness de Carabella. ^s.

CATULLUS, Tibullus, and the
Vigil of Venus. A Literal Prose
Translation, ^s.

CELLINI (Benvenuto). Me-
moirs of, written by Himself
Translated by Thomas Roscoe.
y. 6d.

CERVANTES' Don Quixote de
la Mancha. Motteaux's Trans-
lation revised. 2 vols. ^s. "6a'.

each.

Galatea. A Pastoral Ro-
mance. Translated by G. W. T.

Gyll. 3^. 6d.

Exemplary Novels. Trans-
lated by Walter K. Kelly, p. 6d.

CHAUCER'S Poetical Works.
Edited by Robert Bell. Revised
Edition, wilh a Preliminary Essay
by Prof. W. W. Skeat, M.A. 4
vols. 35. 6d. each.
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CHESS CONGRESS of 1862.
A Collection of the Games played.

Edited by J. Lowenthal. ^s.

CHEVREUL on Colour. Trans-
lated from the French by Charles

Martel. Third Edition, with

Plates, 5^'. ; or with an additional

series of i6 Plates in Colours,

7^. 6d.

CHILLINGWORTH'S Religion
of Protestants. A Safe Way to

Salvation. 3^-. 6d.

CHINA, Pictorial, Descriptive,

and Historical. With Map and
nearly 100 Illustrations. 5^.

CHRONICLES OF THE CRU-
SADES. Contemporary Narra-

tives of the Crusade of Richard
Cceur de Lion, by Richard of

Devizes and Geoffrey de Vinsauf

;

and of the Crusade at St. Louis,

by Lord John de Joinville. $s.

CICERO'S Orations. Translated

by Prof. C. D. Yonge, M.A. 4
vols. 5^. each.

Letters. Translated by Evelyn
S. Shuckburgh. 4 vols. 5^-. each.

On Oratory and Orators.

W^ith Letters to Quintus and
Brutus. Translated by the Rev.

J. S. Watson, M.A. $5.

On the Natiire of the Gods,
Divination, Fate, Laws, a Re-
public, Consulship. Translated

by Prof. C. D. Yonge, M.A., and
Francis Barham. 5^.

Academics, De Finibus, and
Tusculan Questions. By Prof.

C. D. Yonge, M.A. 5^.

CICERO'S Offices ; or, Moral
Duties. Cato Major, an Essay
on Old Age; LkHus, an Essay
on Friendship; Scipio's Dream;
Paradoxes ; Letter to Quintus on
Magistrates. Translated by C. R.
Edmonds. 3^-. 6d.

CORNELIUS NEPOS.— 5^^

Justin. i

CLARK'S (Hugh) Introduction
to Heraldry. i8th Edition, Re-
vised and Enlarged by J. R.
Planche, Rouge Croix. With
nearly 1000 Illustrations. 5^'. Or
with the Illustrations Coloured,

15^-

CLASSIC TALES, containing

Rasselas, Vicar of Wakefield,
Gulliver's Travels, and The Senti-

mental Journey. 3^. 6d.

COLERIDGE'S (S. T.) Friend.
A Series of Essays on Morals,

Politics, and Religion. 3i-. 6d,

Aids to Reflection, and the

Confessions of an Inquiring
Spirit, to which are added the

Essays on Faith and the Book
OF Common Prayer. 3^-. 6d.

Lectures and Notes on
Shakespeare and other English
Poets. Edited by T. Ashe. 3^.6^.

Biographia Literaria ; to-

gether with Two Lay Sermons.

3^. 6d.

Table-Talk and Omniana.
Edited by T. Ashe, B.A. 3^. 6d.

Miscellanies, ^Esthetic and
Literary; to w^hich is added.

The Theory of Life. Col-

lected and arranged by T. Ashe,

B.A. 3J. 6d.

COMTE'S Positive Philosophy,

Translated and condensed by
Harriet Martineau. With Intro-

.

duction by Frederic Harrison,

3 vols. Si-, each.

COMTE'S Philosophy of the
Sciences, being an Exposition of

the Principles of the Cours de

Philosophic Positive. By G. H.
Lewes. S-^*

CONDE'S History of the Do-
minion of the Arabs in Spain.

Translated by Mrs. Foster. 3
vols. 3^. dd. each.
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C O OPE R'S Biographical Dic-

tionary. Containing Concise

Notices (upwards of 15,000) of

Eminent Persons of all Ages and
Countries. ByThompson Cooper,

F.S.A. With a Supplement,
bringing the work down to 1883.

2 vols. 5j. each.

COXE'S Memoirs of the Duke of

Marlborough. With his original

Correspondence. By W. Coxe,
M.A., F.R.S. Revised edition

by John Wade. 3 vols. 3^-. 6^.

each.

*^* A.n Atlas of the plans of

Marlborough's campaigns, 4to.

\Qs. 6d.

History of the House of

Austria (12 18-1792). With a

Continuation from the Accession

of Francis I. to the Revolution of

1848. 4 vols. 3^. 6d. each.

CRAIK'S(G. L.) Pursuit of Know-
ledge under Diflaculties. Illus-

trated by Anecdotes and Memoirs.
Revised edition, with numerous
Woodcut Portraits and Plates. <fS.

CRUIKSHANK'S Punch and
Judy. The Dialogue of the

Puppet Show ; an Account of its

Origin, &c. With 24 Illustra-

tions, and Coloured Plates, de-

signed and engraved by G. Cruik-

shank, 5^.

CUNNINGHAM'S Lives of the
Most Eminent British Painters.

A New Edition, with Notes and
Sixteen fresh Lives. By Mrs.
Heaton. 3 vols. 3^. 6d. each.

DANTE. Divine Comedy. Trans-

lated by the Rev. H. F. Cary,

M.A. 3^. 6d.

Translated into English Verse
by I. C. Wright, M.A. 3rd Edi-
tion, revised. With Portrait, and

34 Illustrations on Steel, after

Flaxman.

DANTE. The Inferno. A Literal

Prose Translation, with the Text
of the Original printed on the same
page. By John A. Carlyle, M.D.

The Purgatorio. A Literal

Prose Translation, with the Text
printed on the same page. By
W. S. Dugdale. 5^.

DE COMMINES (Philip), Me-
moirs of. Containing the Histories
of Louis XL and Charles VIIL,
Kings of France, and Charles
the Bold, Duke of Burgundy.
Together with the Scandalous
Chronicle, or Secret History of

Louis XL, by Jean de Troyes.
Translated by Andrew R. Scoble.

With Portraits. 2 vols. 3.?. 6d.

each.

DEFOE'S Novels and Miscel-
laneous V/orks. With Prefaces

and Notes, including those attri-

buted to Sir W. Scott. 7 vols.

3^^. 6d. each.

I.—Captain Singleton, and
Colonel Jack.

II.—Memoirs of a Cavalier,

Captain Carleton,
Dickory Cronke, &c.

III.—Moll Flanders, and the

History of the Devil.

IV.— Roxana, and Life of Mrs.
Christian Davies.

V.—History of the Great Plague
of London, 1665; The
Storm (1703) ; and the

True-born Englishman.

VI.—Duncan Campbell, New
Voyage round the

World, and Political

Tracts.

VII.—Robinson Crusoe.

DE LOLME on the Constitution
of England. Edited by John
Macgregor. 3^. 6d.
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DEMMIN'S History of Arms
and Armour, from the Earliest

Period. By Auguste Demmin.
Translated by C. C. Black, M.A.
With nearly 2000 Illustrations.

75-. dd.

DEMOSTHENES' Orations.

Translated by C. Rann Kennedy.

5 vols. Vol. I., 1$. 6d.', Vols.

II.-V., 5^. each.

DE STAEL'S Corinne or Italy.

By Madame de Stael. Trans-

lated by Emily Baldwin and
Paulina Driver. 3^. 6d.

DEVEY'S Logic, or the Science

of Inference. A Popular Manual.
By J. Devey. ^s.

DICTIONARY of latin and
Greek Quotations ; including

Proverbs, Maxims, Mottoes, Law
Terms and Phrases. With all the

Quantities marked, and English

Translations. With Index Ver-

borum {622 pages). 55.

DICTIONARY of Obsolete and
Provincial English. Compiled
by Thomas Wright, M.A., F.S A.,

&c. 2 vols. 5i-. each.

DIDRON'S Cliristian Icono-
graphy: a History of Christian

Art in the Middle Ages. Trans-

lated by E. J Millington and
completed by Margaret Stokes.

With 240 Illustrations. 2 vols.

5i-. each.

DIOGENES LAERTIUS. Lives
and Opinions of the Ancient
Philosophers. Translated by
Prof C. D Yonge, M A. 5^.

DOBREE'S Adversaria. Edited

by the late Prof. Wagner. 2 vols.

5^-. each.

D O D D ' S Epigrammatists. A
Selection from the Epigrammatic
Literature of Ancient, Medi£eval,

and Modern Times. By the Rev.
Henry Philip Dodd, M.A. Ox-
ford. 2nd Edition, revised and
enlarged. 6s,

DONALDSON'S The Theatre of
the Greeks. A Treatise on the

History and Exhibition of the

Greek Drama. With numerous
Illustrations and 3 Plans. By John
William Donaldson, D.D. 5^.

DRAPER'S History of the
Intellectual Development of

Europe. ByJohn William Draper,
M.D., LL.D. 2 vols. $s. each.

DUNLOP'S History of Fiction.

A new Edition. Revised by
Henry Wilson. 2 vols. 5^-. each.

DYER (Dr T. H.). Pompeii : its

Buildings and Antiquities. By
T. H. Dyer, LL.D. With nearly

300 Wood Engravings, a large

Map, and a Plan of the Forum.

Js. 6d,

The City ofRome : its Plistory

and Monuments. With Illustra-

tions, ^s.

DYER (T. P. T.) British Popular
Customs, Present and Past.

An Account of the various Games
and Customs associated with Dif-

ferent Days of the Year in the

British Isles, arranged according

to the Calendar. By the Rev.

T. F. Thiselton Dyer, M.A. 5.$-.

EBERS' Egjnptian Princess. An
Historical Novel. By George
Ebers. Translated by E. S.

Buchheim. 3i-. 6d.

EDGEWORTH'S Stories for

Children. With 8 Illustrations

by L. Speed. 3^. 6d.

ELZE'S William Shakespeare.
—See Shakespeare.

EMERSON'S Works. 3 vols

3.r. 6d. each.

I.—Essays, Lectures and Poems.

II.—English Traits, Nature, and
Conduct of Life.
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Emerson's Works continued.

III.—Society and Solitude—Letters

and Social aims — Miscel-

laneous Papers (hitherto

uncollected) — May Day,
and other Poems.

ELLIS (G.) Specimens of Early
English Metrical Romances.
With an Historical Introduction

on the Rise and Progress of

Romantic Composition in France
and England. Revised Edition.

By J. O. Halliwell, F.R.S. 55.

ENNEMOSER'S History of
Magic. Translated by William
Howitt. 2 vols. 5^^. each.

EPICTETUS, The Discourses of.

With the Encheiridion and
Fragments. Translated by George
Long, M.A. 5^.

EURIPIDES. A New Literal

Translation in Prose. By E. P.

Coleridge, M.A. 2 vols. 5^-. each.

EUTROPIUS.—6"^^ Justin.

EUSEBIUS PAMPHILUS,
Ecclesiastical History of. Trans-
lated by Rev. C.F. Cruse, M.A. 5 J.

EVELYN'S Diary and Corre-
spondendence. Edited from the

Otiginal MSS. by W. Bray,
F.A.S. With 45 engravings. 4
vols. 51. each.

FAIRHOLT'S Costume in Eng-
land. A History of Dress to the

end of the Eighteenth Century.
3rd Edition, revised, by Viscount
Dillon, V.P.S.A. Illustrated with
above 700 Engravings. 2 vols.

5J-. each.

FIELDING'S Adventures of
Joseph Andrews and his Friend
Mr, Abraham Adams. With
Cruikshank's Illustrations. 3^-. 6c/.

History of Tom Jones, a
Foundling. With Cruikshank's
Illustrations. 2 vols. ^s. 6d. each.

Amelia. With Cruikshank's
Illustrations. 5^,

FLAXMAN'S Lectures on Sculp-
ture. By John Flaxman, R.A.
With Portrait and 53 Plates. 6s,

FLORENCE ofWORCESTER'S
Chronicle, with the Two Con-
tinuations : comprising Annals of

English History, from the De-
parture of the Romans to the

Reign of Edward I. Translated
by Thomas Forester, M.A. $s.

FOSTER'S (John) Life and Cor-
respondence. Edited by J. E.
Ryland. 2 vols. 3^-. 6d. each.

Critical Essays. Edited by

J. E. Ryland. 2 vols. 3^^. 6d.

each.

Essays : on Decision of Cha-
racter ; on a Man's writing Me-
moirs of Himself ; on the epithet

Romantic ; on the aversion of

Men of Taste to Evangelical Re-
ligion. 2>^. 6d.

Essays on the Evils of Popular
Ignorance ; to which is added, a

Discourse on the Propagation of

Christianity in India. 3^. 6d,

Essays on the Improvement
of Time. With Notes of
Sermons and other Pieces.

2,s. 6d.

GASPARY'S History of Italian
Literature. Translated by Her-
man Oelsner, M.A., Ph.D.
Vol. I. 35. 6d.

GEOFFREY OF MONMOUTH,
Chronicle oLSee Old English
Chronicles.

GESTA ROMANORUM, or En-
tertaining Moral Stories invented

by the Monks. Translated by the

Rev. Charles Swan. Revised
Edition, by Wynnard Hooper,
B.A. 5J.

*>

GILDAS, Chronicles of.-

English Chronicles.

-See Old
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GIBBON'S Deoilne and Fall of

the Roman Empire. Complete
and Unabridged, with Variorum
Notes. Edited by an English

Churchman. With 2 Maps and
Portrait. 7 vols. 3^-. dd. each.

G-ILBART'S History, Principles,

and Practice of Banking. By
the late J. W. Gilbart, F.R.S.
New Edition, revised by A. S.

Michie. 2 vols. \os.

GI;L BLAS, The Adventures of.

Translated from the French of

Lesage by Smollett. With 24
Engravings on Steel, after Smirke,
and 10 Etchings by George Cruik-

shank. ds.

GIRALDUS CAMBRENSIS'
Historical Works. Translated
by Th. Forester, M.A., and Sir

R. Colt Iloare. Revised Edition,

Edited by Thomas Wright, M.A.,
F.S.A. 5^.

GOETHE'S Faust. Parti. Ger-
man Text with Hayward's Prose

Translation and Notes. Revised
by C. A. Buchheim, Ph.D. 5^.

GOETHE'S Works. Translated
into English by various hands.

14 vols. 35-. 6r/. each.

I. and II.—Autobiography and
Annals.

III.— Faust. Two Parts, com-
plete. (Swanwick.)

IV.—Novels and Tales.

V.—Wilhelm Meister's Appren-
ticeship.

VI.— Conversations with Ecker-

mann and Soret.

VIII.—Dramatic Works.

IX.—Wilhelm Meister's Travels.

X.—Tour in Italy, and Second
Residence in Rome.

XI.—Miscellaneous Travels.

XII.—Early and Miscellaneous

i.etters.

XIII.—Correspondence with Zelter.

XIV.—Reineke Fox, West-Eastern

Divan and Achilleid.

GOLDSMITH'S Works. A new
Edition, by J. W. M. Gibbs. 5
vols. 3J. dd. each.

GRAMMONT'S Memoirs of the
Court of Charles II. Edited by
Sir Walter Scott. Together with

the BoscoBEL Tracts, including

two not before published, &c.

New Edition. 5.5-.

GRAY'S Letters. Including the

Correspondence of Gray and
Mason. Edited by the Rev.

D. C. Tovey, M.A. Vol. I.

1$. 6d. [ Vol. ii. in the press.

GREEK ANTHOLOGY. Trans-

lated by George Burges, M.A. <,s.

GREEK ROMANCES of Helio-

dorus, Longus, and Achilles

Tatius—viz., The Adventures of

Theagenes & Chariclea ; Amours
of Daphnis and Chloe ; and Loves

of Clitopho and Leucippe. Trans-

lated by Rev. R. Smith, M.A.

GREGORY'S Letters on the

Evidences, Doctrines, & Duties

of the Christian Religion. By
Dr. Ohnthus Gregory. 3^. 6d.

GREENE, MARLOWE, and
BEN JONSON. Poems of.

Edited by Robert Bell. 3 J. 6d.

GRIMM'S TALES. With the

Notes ofthe Original. Translated

by Mrs. A. Hunt. With Intro-

duction by Andrew Lang, M.A.
2 vols. 3^". 6d. each.

Gammer Grethel; or, Ger-

man Fairy Tales and Popular

Stories. Containing 42 Fairy

Tales. Trans, by Edgar Taylor.

With numerous Woodcuts after

George Cruikshank and Ludwig
Grimm, "^s. 6d.

GROSSI'S Marco Visconti.
Translated by A. F. D. The
Ballads rendered into English

Verse by C. M. P. 3^- ^^-
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aUIZOT'S History of the

English Revolution of 164G.
From the Accession of Charles

I. to his Death. Translated by
William Hazlitt. 3^. 6d.

History of Civilisation, from

the Fall of the Roman Empire to

the French Revolution. Trans-

lated by William Hazlitt. 3 vols.

3J. 6d. each.

HALL'S (Rev. Robert) Miscel-

laneous Works and Remains.

Zs. 6d.

HAMPTON COURT: A Short
History of the Manor and
Palace. By Ernest Law, B.A.
With numerous Illustrations, '^s.

HARDWICK'S History of the
Articles of Religion. By the late

C. Hardwick. Revised by the

Rev. Francis Procter, M.A. p.

HAUFF'S Tales. The Caravan—
The Sheik of Alexandria— The
Inn in the Spessart. Trans, from
the German by S. Mendel. 3^. 6d.

HAWTHORNE'S Tales. 4 vols.

3J. 6d. each.

I.—Twice-told Tales, and the

Snow Image.
II.— Scarlet Letter, and the House

with the Seven Gables.

III.—Transformation [The Marble
Faun], and Blithedale Ro-
mance.

IV.—Mosses from an Old Manse.

HAZLITT'S Table-talk. Essays
on Men and Manners. By W.
Hazlitt. 3J. 6d.

Lectures on the Literature
of the Age of Elizabeth and on
Characters of Shakespeare's Plays,

3J-. 6d.

Lectures on the English
Poets, and on the English Comic
Writers. 3^. 6d.

The Plain Speaker. Opinions
on Booksj Men, and Things. 3^. 6d.

-— Round Table. 3^. 6d.

HAZLITT'S Sketches and
Essays, ^s. 6d,

The Spirit of the Age; or,

Contemporary Portraits. Edited
by W. Carew Hazlitt. 3^. 6d.

HEATON'S Concise History of
Painting. New Edition, revised

by Cosmo Monkhouse. 5^.

HEGEL'S Lectures on the Philo-
sophy of History. Translated by

J. Sibree, M.A.

HEINE'S Poems, Complete
Translated by Edgar A. Bowring,
C.B. 3s. 6d.

Travel-Pictures, including the
Tour in the Harz, Norderney, and
Book of Ideas, together with the
Romantic School. Translated by
Francis Storr. A New Edition,
revised throughout. With Appen-
dices and Maps. 3^. 6d.

HELP'S Life of Christopher
Columbus, the Discoverer of
America. By Sir Arthur Helps,
K.C.B. 3J. 6d.

Life of Hernando Cortes,
and the Conquest of Mexico. 2
vols. 3 J. 6d. each.

Life of Pizarro. 3^. 6d.

Life of Las Casas the Apostle
of the Indies. 3^-. 6d.

HENDERSON (E.) Select His-
torical Documents ofthe Middle
Ages, including the most famous
Charters relating to England, the
Empire, the Church, &c., from
the 6th to the 14th Centuries.
Translated from the Latin and
edited by Ernest F. Henderson,
A.B., A.M., Ph.D. 5^.

HENFREY'S Guide to EngUsh
Coins, from the Conquest to the
present time. New and revised
Edition by C. F. Keary, M.A.,
F.S.A. 6^.

HENRY OF HUNTINGDON'S
History of the English. Trans-
lated by T. Forester, M.A. Jj.
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HENRY'S (Matthew) Exposition
of the Book of the Psalms. 5^-.

HELIODORUS. Theagenes and
Ohariclea. — See Greek Ro-
mances.

HERODOTUS. Translated by the

Rev. Henry Gary, M.A. 3^. dd.

Notes on. Original and Se-

lected from the best Gommenta-
tors. By D. W. Turner, M.A.
With Goloured Map. 55.

Analysis and Summary of

By J. T. Wheeler, ks.

HESIOD, OALLIMACHUS, and
THEOGNIS, Translated by the

Rev. J. Banks, M.A. 5^.

HOFFMANN'S (E. T. W.) The
Serapion Brethren. Translated

from the German by Lt.-Gol. Alex.

Ewing. 2 vols. T,s. 6d. each.

HOLBEIN'S Dance of Death
and Bible Cuts. Upwards of 150

Subjects, engraved in facsimile,

with Introduction and Descrip-

tions by Francis Douce and Dr.

Thomas Frognall Dibden. 5^.

HOMER'S Iliad. Translated into

Enghsh Prose by T. A. Buckley,

B.A. 5^.

Odyssey. Hymns, Epigrams,

and Battle of the Frogs and Mice.

Translated into English Prose by

T. A. Buckley, B.A. 5^.

See also Pope.

HOOPER'S (G.) Waterloo : The
Downfall of the First Napo-
leon : a History of the Garnpaign

of 1815. By George Hooper.

With Maps and Plans. 3^-. 6d.

The Campaign of Sedan :

The Downfall of the Second Em-
pire, August - September, 1870.

With General Map and Six Plans

of Battle, is. 6d.

HORACE. A new literal Prose

translation, byA. Hamilton Bryce,

:ll.d. 3^. 6ar.

HUGO'S (Victor) Dramatic
Works. Hernani— Ruy Bias —
The King's Diversion. Translated
by Mrs. Newton Crosland and
F. L. Slous. 3^. 6d.

Poems, chiefly Lyrical. Trans-
lated by various Writers, now first

collected by J. H. L. Williams.
3J. 6d.

HUMBOLDT'S Cosmos. Trans-
lated by E. C. Otte, B. H. Paul,

and W. S. Dallas, F.I..S. 5 vols.

3i-. 6d. each, excepting Vol. V. 5^.

Personal Narrative of his

Travels to the Equinoctial Regions
of America during the years 1799-
1804. Translated by T. Ross. 3
vols. 5^. each.

Views of Nature. Translated

by E. C. Otte and H. G. Bohn.

HUMPHREYS' Coin Collector's

Manual. By H. N. Humphreys,
with upwards of 140 Illustrations

on Wood and Steel. 2 vols. 5^.

each.

HUNGARY : its History and Re-
volution, together with a copious

Memoir of Kossuth, y. 6d.

HUTCHINSON (Colonel). Me-
moirs of the Life of. By his

Widow, Lucy : together with her

Autobiography, and an Account
of the Siege of Lathom House.
3^. 6d.

HUNT'S Poetry of Science. By
Richard Hunt. 3rd Edition, re-

vised and enlarged. 5j'.

INDIA BEFORE THE SEPOY
MUTINY. A Pictorial, De-
scriptive, and Historical Ac-
count, from the Earliest Times
to the Annexation of the Punjab,
with upwards of 100 Engravings
on Wood, and a Map. 5^.

INGULPH'H Chronicles of the
Abbey of Croyland. with the

Continuation by Peter of Blois

and other Writers. Translated by
H. T. Riley, M.A. ^s.

I
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IRVING'S (Washington) Com-
plete Works. 15 vols. With Por-

traits, &c. 35. dd. each.

I.—Salmagundi, Knicker-
bocker's History of New
York.

II.—The Sketch-Book, and the

Life of Oliver Goldsmith.
III.—Bracebridge Hall, Abbots-

ford and Newstead Abbey.
IV.—The Alhambra, Tales of a

Traveller,

v.— Chronicle of the Conquest
of Granada, Legends of

the Conquest of Spain.
VI. & VII.—Life and Voyages of

Columbus, together with
the Voyages of his Com-
panions.

VIII.—Astoria, A Tour on the

Prairies.

XI.—Life of Mahomet, Lives of the

Successors of Mahomet.
X.—Adventures of Captain Bon-

neville, U.S.A., Wolfert's

Roost.

XI.—Biographies and Miscella-

neous Papers.

XII.-XV.—Life of George Wash-
ington. 4 vols.

Life and Letters. By his

Nephew, Pierre E. Irving. 2 vols.

3J. dd. each.

ISOCRATES, The Orations of.

Translated by J. H. Freese, M.A.
Vol. I. Si.

JAMES'S (G. P. R.) Life of

Richard Coeur de Lion. 2 vols.

y. 6d. each.

The Life and Times of Loms
XIV. 2 vols. y. 6d. each.

JAMESON'S (Mrs.) Shake-
speare's Heroines. Character-

istics of Women: Moral, Poetical,

and Historical. By Mrs. Jameson.
3.. 6d

JESSE'S (E.) Anecdotes of Dogs.
With 40 Woodcuts and 34 Steel

Engravings. 5^.

JESSE'S (J.H.) Memoirs of the
Court of England during the
Reign of the Stuarts, including
the Protectorate. 3 vols. With
42 Portraits. 5^-. each.

Memoirs of the Pretenders
and their Adherents, \^^ith 6
Portraits, $s.

JOHNSON'S Lives of the Poets.
Edited by Mrs. Alexander Napier,
with Introduction by Professor
Hales. 3 vols. 3^-. 6d. each.

JOSEPHUS (Flavius), The Works
of. Whiston's Translation, re-

vised by Rev. A. R. Shilleto, M.A
With Topographical and Geo.
graphical Notes by Colonel Sir

C. W. Wilson, K.CB. 5 vols.

35. 6d. each.

JOYCE'S Scientific Dialogues.
With numerous Woodcuts, ^^s.

JUKES-BROWNE (A. J.), The
Building of the British Isles:

a Study in Geographical Evolu-
tion. Illustrated by numerous
Maps and Woodcuts. 2nd Edition,

revised, 'js. 6d.

Student's Handbook of
Physical Geology. With nu-
merous Diagrams and Illustra-

tions. 2nd Edition, much en-
larged, 7j. 6d.

JULIAN, the Emperor. Contain-
ing Gregory Nazianzen's Two In-

vectives and Libanus' Monody,
with Julian's extant Theosophical
Works. Translated by C. W.
King, M.A. $s.

JUSTIN CORNELIUS NEPOS,
and EUTROPIUS. Translated
by the Rev. J. S. Watson, M.A.

JUVENAL, PERSIUS. SUL-
PICIA and LUCILIUS. Trans-
lated by L. Evans, M.A. 55.

JUNIUS'S Letters. With all the

Notes of Woodfall's Edition, and
important Additions. 2 vols.

3J'. 6d. each.
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KANT'S Critique of Pure Reason.

Translated by J. M. D. Meikle-

iohn. 5-*''

Prolegomena and Meta-
physicalFoundation sofNatural
Science. Translated by E. Belfort

Bax. 55.

KEIGHTLEY'S (Thomas) My-
thology of Ancient Greece and
Italy. 4th Edition, revised by

Leonard Schmitz, Ph.D., LL.D.
With 12 Plates from the Antique.

Fairy Mythology, illustrative

of the Romance and Superstition

of Various Countries. Revised

Edition, with Frontispiece by

Cruikshank. 5^.

LA FONTAINE'S Fables. Trans-

lated into English Verse by Elizur

Wright. New Edition, with Notes

by J. W. M. Gibbs. 3^. 6^/.

LAMARTINE'S History of the
Girondists. Translated by H. T.
Ryde. 3 vols. 3i-. dd. each.

History of the Restoration
of Monarchy in France (a Sequel

to the History of the Girondists).

4 vols. 3^. 6^. each.

History of the French Re-
volution of 1848. 3^. dd.

LAMB'S (Charles) Essays of Elia

and Ellana. Complete Edition.

Specimens of English Dra-
matic Poets of the Time of

Elizabeth. 3^. da.

Memorials and Letters of

Charles Lamb. By Serjeant

Talfourd. New Edition, revised,

by W. Carew Hazlitt. 2 vols.

3^. dd. each.

LANZI'S History of Painting in

Italy, from the Period of the

Revival of the Fine Arts to the

End of the Eighteenth Century.

Translated by Thomas Roscoe.

3 vols. 3^-. dd. each.

LAPPENBERG'S History of
England luider the Anglo-
Saxon Kings. Translated by
B. Thorpe, F.S.A. New edition,

revised by E. C. Otte. 2 vols.

35-. dd. each.

LECTURES ON PAINTING,
by Barry, Opie, Fuseli. Edited

by R. vVornum. ^s.

LEONARDO DA VINCI'S
Treatise on Painting. Trans-

lated by J. P\ Rigaud, R.A.,

With a Life of Leonardo by John
William Brown. With numerous
Plates. 5^.

LEPSIUS'S Letters from Egypt,
Ethiopia, and the Peninsula of

Sinai. Translated by L. and

J. B. Horner. With Maps. i^s.

LESSING'S Dramatic Works,
Complete. Edited by Ernest Bell,

M.A. With Memoir of Lessing

by Helen Zimmern. 2 vols.

3i-. dd. each.

Laokoon, Dramatic Notes,
and the Representation of
Death by the Ancients. Trans-
lated by E. C. Beasley and Helen
Zimmern. Edited by Edward
Bell, M.A. With a Frontispiece

of the Laokoon group. 35. dd.

LILLY'S Introduction to Astro-
logy. With a Grammar of
Astrology and Tables for Cal-

culating Nativities, by Zadkiel. 51.

LIVY'S History of Rome. Trans-
lated by Dr. Spillan, C Edmonds,
and others. 4 vols. 5^. each.

LOCKE'S Philosophical Works.
Edited by J. A. St. John. 2 vols.

3J-. dd. each.

Life and Letters: By Lord
King. y. 6d.

LOCKHART (J. Gr.\—See Burns,
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LODGE'S Portraits of Illustrious

Personages of Great Britain,

with Biographical and Historical

Memoirs. 240 Portraits engraved
on Steel, with the respective Bio-

graphies unabridged. 8 vols. ^s.

each.

LONGFELLOW'S Prose
Works. With 16 full- page Wood
Engravings, cj.

LOUDON'S (Mrs.) Natural
History. Revised edition, by
W. S. Dallas, F.L.S. With
numerous Woodcut Illus. 5^.

LOWNDES' Bibliograplier's

Manual of English Literature.

Enlarged Edition. By H. G.
Bohn. 6 vols, cloth, 51. each.

Or 4 vols, half morocco, 2/. 2s.

LONGUS. Daphnis and Chloe.—See Greek Romances.

LUGAN'S Pharsalia. Translated

by H. T. Riley, M.A. 5^.

LUC IAN' S Dialogues of the
Gods, of the Sea Gods, and
of the Dead. Translated by
Howard Williams, M.A. 5^-.

LUCRETIUS. Translated by the

Rev. J. S. Watson, M.A. 5^.

LUTHER'S Table-Talk. Trans-
lated and^ Edited by William
Hazlitt. 3J. ^d.

Autobiography. — See

MiCHELET.

MACHIAVELLI'S History of

Florence, together with the

Prince, Savonarola, various His-

torical Tracts, and a Memoir of

Machiaveili. 3^. dd.

MALLET'S Northern Antiqui-
ties, or an Historical Account of

the Manners, Customs, Religions

and Laws, Maritime Expeditions
and Discoveries, Language and
Literature, of the Ancient Scandi-

navians. Translated by pjishop

Percy. Revised and Enlarged
Edition, with a Translation of the

Prose Edda, by J. A. Black-

well. 5^.

MANTELL'S (Dr.) Petrifactions
and their Teachings. With nu-
merous illustrative Woodcuts. 6^-.

Wonders of Geology. 8th
Edition, revised by T. Rupert
Jones, F.G.S. With a coloured
Geological Map of England,
Plates, and upwards ol 200
Woodcuts. 2 vols. 7j. dd. each.

MANZONI. The Betrothed:
being a Translation of ' I Pro-
messi Sposi.' By Alessandro
Manzoni. With numerous Wood-
cuts. 5J-.

MARCO POLO'S Travels; the
Translation of Marsden revised

by T. Wright, M.A., F.S.A. 5.r.

MARRYAT'S (Capt. R.N.)
Masterman Ready. With 93
Woodcuts. 3J-. dd.

Mission ; or, Scenes in Africa.

Illustrated by Gilbert and Dalziel.

3^. 6d.

Pirate and Three Cutters.

With 8 Steel Engravings, from
Drawings by Clarkson Stanfield,

R.A. y. 6d.

Privateersman. 8 Engrav-
ings on Steel. 3^. 6a

Settlers in Canada. 10 En-
gravings by Gilbert and Dalziel.

Zs. 6d.

Poor Jack. With 16 Illus-

trations after Clarkson Stansfield,

R.A. 3J. 6d.

Peter Simple. With 8 full-

page Illustrations. 3^. 6d.

Midshipman Easy. With 8
full page Illustrations, p. 6d.

MARTIAL'S Epigrams, complete.
Translated into Prose, each ac-

companied by one or more Verse
Translations selected from the
Works of English Poets, and
other sources, ys. 6d.
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MA^RTINEAUS (Harriet) His-

tory of England, from 1800-

18
1
5. 3J. 6d.

History of the Thirty Years'

Peace, a.d. 1815-46. 4 vols.

3^. 6d. each.

See Conifers PosHive Philosophy^

MATTHEW PARIS'S English
History, from the Year 1235 to

1273. Translated by Rev. J. A.

Giles, D.C.L. 3 vols. 5.9. each.

MATTHEW OF WESTMIN-
STER'S Flowers of History,

from the beginning of the World
to A.D. 1307. Translated by C. D.

Yonge, M.A. 2 vols. 55. each.

MAXWELL'S Victories of Wel-
ington and the British Armies.

Frontispiece and 5 Portraits, ^s.

MENZEL'S History of Germany,
from the Earliest Period to 1842.

3 vols. 35. 6(/. each.

MICHAEL ANGELO AND
RAPHAEL, their Lives and
Works. By Duppa aud Quatre-

mere de Quincy. With Portraits,

and Engravings on Steel. 5^-.

MICHELET'S Luther's Auto-
biography. Trans, by William

Hazlitt. With an Appendix (no
pages) of Notes. 3^. hd.

History of the French Revo-
lution from its earliest indications

to the flight of the King in 1791.

1$. 6d.

MEGNETSHistoryof theFrench
Revolution, from 1789 to 18 14.

3.*. 6d.

MILL (J. S.) Early Essays by
John Stuart Mill. Collected from

various sources by J. W. M. Gibbs.

3^. 6d.

MILLER (Professor). History
Philosophically Illustrdted,from

the Fall of the Roman Empire to

the French Revolution. 4 vols.

35. 6d. each.

MILTON'S Prose Works. Edited
by J. A. St. John. 5 vols. ^s. 6d.

each.

Poetical Works, with a Me-
moir and Critical Remarks by
James Montgomery, an Index to

Paradise Lost, Todd'sVerbal Index
to all the Poem.s, and a Selection

of Explanatory Notes by Henry
G. Bohn. Illustrated with 120

Wood Engravings from Drawings
by W. Harvey. 2 vols. 35^. 6d.

each.

MITFORD'S (Miss) Our Village
Sketches of Rural Character and
Scenery. With 2 Engravings on
Steel. 2 vols. 33-. 6d. each.

MOLIERE'S Dramatic Works.
A new Translation in English
Prose, by C. H. Wall. 3 vols.

3^. 6d, each.

MONTAGU. The Letters and
Works of Lady Mary Wortley
Montagu. Edited by her great-

grandson, Lord Wharncliffe's Edi-

tion, and revised by W. Moy
Thomas. New Edition, revised,

with 5 Portraits. 2 vols. ^s. each.

MONTAIGNE'S Essays. Cotton's

Translation, revised by W. C.
Hazlitt. New Edition. 3 vols.

35-. 6d. each.

MONTESQUIEU'S Spirit of

Laws. New Edition, revised and
corrected. By J. V. Pritchard,

A.M. 2 vols. 3J-. 6d. each.

MOTLEY (J. L.). The Rise of

the Dutch Republic. A History.

By John Lothrop Motley. New
Edition, with Biographical Intro-

duction by Moncure D. Conway.
3 vols. TfS. 6d. each.

MORPHY'S Games of Chess.

Being the Matches and bestGames
played by theAmerican Champion,
with Explanatory and Analytical

Notes by J. Lowenthal. 5^.
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MUDIE'S British Birds ; or, His-
tory of the Feathered Tribes of the

British Islands. Revised by W.
C. L. Martin. With 52 Figures
of Birds and 7 Coloured Plates of

Eggs. 2 vols.

NEANDER (Dr. A.). History
of the Christian Religion and
Ohiirch, Trans, from the German
byJ.Torrey. 10 vols. 3j^.6(/. each.

Life of Jesus Christ. Trans-
lated by J. McClintock and C.

Blumenthal. y. 6d.

History ol the Planting and
Training of the Christian
Church by the Apostles.

Translated by J. E. Ryland.
2 vols. 3^. 6d. each.

Memorials of Christian Life

in the Early and Middle Ages
;

including Light in Dark Places.

Trans, by J. E. Ryland. 3J-. 6d.

NIBELUNGEN LIED. The
Lay of the Nibelungs, metrically

translated from the old German
text by Alice Horton, and edited

by Edward Bell, M.A. To which
is prefixed the Essay on the Nibe-
lungen Lied by Thomas Carlyle.

NEW TESTAMENT (The) in

Greek. Griesbach's Text, with
various Readings at the foot of

the page, and Parallel References
in the margin : also a Critical

Introduction and Chronological
Tables. By an eminent Scholar,

with a Greek and English Lexicon.
3rd Edition, revised and (»rrected.

Two Facsimiles of Greek Manu-
scripts. 900 pages. 5J-.

The Lexicon may be had sepa-

rately, price 2s.

NICOLINI'S History of the
Jesuits : their Origin, Progress,

Doctrines, and Designs. With 8

Portraits. 5^-.

NORTH (R.) Lives of the Right
Hon. Francis North, Baron Guild-
ford, the Hon. Sir Dudley North,
and the Hon. and Rev. Dr. John
North. By the Hon. Roger
North. Together with the Auto-
biography of the Author. Edited
by Augustus Jessopp, D.D. 3 vols.

Ss. 6d. each.

NlTGENT'S (Lord) Memorials
of Hampden, his Party and
Times. With a Memoir of the

Author, an Autograph Letter, and
Portrait. 55-.

OCKLEY (S.) History of the
Saracens and their Conquests
in Syria, Persia, and Egypt.
By Simon Ockley, B.D., Professor

of Arabic in the University of

Cambridge. 3^-. 6d.

OLD ENGLISH CHRON-
ICLES, including Ethelwerd's
Chronicle, Asser's Life of Alfred,

Geoffrey of Monmouth's British

History, Gildas, Nennius, and the

spurious chronicle of Richard of

Cirencester. Edited by J. A.
Giles, D.C.L. 5j.

OMAN (J. C.) The Great Indian
Epics : the Stories of the Rama-
YANA and the Mahabharata.
By John Campbell Oman, Prin-

cipal of Khalsa College, Amritsar.
With Notes, Appendices, and
Illustrations. 3^-. 6d.

ORDERICUS VITALISE Eccle
"^siastical History of England
and Normandy. Translated by
T. Forester, M.A. To which is

added the Chronicle of St.

EvROULT. 4 vols. 5j. each.

OVID'S V/orks, complete. Literally,

translated into Prose. 3 vols.

$s. each.

PASCAL'S Thoughts. Translated
from the Text of M. Auguste
Molinier by C. Kegan Paul. 3rd
Edition. 3^^. 6d.
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PAULI'S (Dr. R.) Life of Alfred
the Great. Translated from the

German. To which is appended
Alfred's Anglo-Saxon Version
OF Orosius. With a Hteral

Translation interpaged, Notes,

and an Anglo-Saxon Grammar
and Glossary, by B. Thorpe. 55.

PAUSANIAS' Description of
Greece. Newly translatedbyA. R.
Shilleto, M.A. 2 vols. 5^-. each.

PEARSON'S Exposition of the
Greed. Edited by E. Walford,
M.A. 5^.

PEPYS' Diary and Correspond-
ence. Deciphered by the Rev.

J. Smith, M.A., from the original

Shorthand MS. in the Pepysian
Library. Edited by Lord Bray-

brooke. 4 vols. With 31 En-
gravings. $s. each.

PERCY'S Reliques of Ancient
English Poetry. With an Essay
on Ancient Minstrels and a Glos-

sary. Edited by J. V. Pritchard,

A.M. 2 vols. is. 6d. each.

PERSIUS.—6"^^ Juvenal.

PETRARCH'S Sonnets, Tri-

umphs, and other Poems.
Translated into English Verse by
various Hands. With a Life of

the Poet by Thomas Campbell.
With Portrait and 15 Steel En-
gravings. 5^.

PHILO - JUD2EUS, Works of.

Translated by Prof. C. D. Yonge,
M.A. 4 vols. 5^. each.

PICKERING'S History of the
Races of Man, and their Geo-
graphical Distribution. With An
Analytical Synopsis of the
Natural History of Man by
Dr. Hall. With a Map of the

World and 12 coloured Plates. 5^.

PINDAR. Translated into Prose
by Dawson W. Turner. To which
is added the Metrical Version by
Abraham Moore, ^j.

PLANCHE. History of British
Costimie, from the Earliest Time
to the Close of the Eighteenth
Century, By J. R. Blanche,
Somerset Herald. With upwards
of 400 Illustrations.

"Jj.

PLATO'S Works. Literally trans-

lated, with Introduction and
Notes. 6 vols. 5^. each.

I.—The Apology of Socrates,

Crito, Phasdo, Gorgias, Pro-

tagoras, Phffidrus, Thesetetus,

Euthyphron, Lysis. Trans-
lated by the Rev. H. Carey.

II.—The Republic, Timseus, and
Critias. Translated by Henry
Davis.

HI.—Meno, Euthydemus, The
Sophist, Statesman, Cratylus,

Parmenides,and the Banquet.
Translated by G. Burges.

IV.—Philebus, Charmides, Laches,

Menexenus, Hippias, Ion,

The Two Alcibiades, The-
ages. Rivals, Hipparchus,
Minos, Clitopho, Epistles.

Translated by G. Burges.

V.—The Laws.' Translated by
G. Burges.

VI.—The Doubtful Works. Trans-

lated by G. Burges.

Summary and Analysis of

the Dialogues. With Analytical

Index, By A. Day, LL.D. 5^.

PLAUTUS'S Comedies. Trans-

lated by H. T. Riley, M.A. 2

vols. 5^. each.

PLINY'S Natural History.

Translated by the late John
Bostock, M.D., F.R.S., and H.T.
Riley, M.A. 6 vols. 5^-. each.

PLINY. The Letters of Pliny

the Younger. Melmoth's trans-

lation, revised by the Rev. F. C.

T. Bosanquet, M.A. 5J-,

PLOTINUS, Select Works of.

Translated by Thomas Taylor.

With an Introduction containing

the substance of Porphyry's Plo-

tinus. Edited by G. R. S. Mead,
B.A., M.R.A.S. SS'
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PLUTARCH'S Lives. Translated

by A. Stewart, M.A., and George

Long, M.A. 4 vols. 3^. dd. each.

Morals. Theosophical Essays.

Translated by C. W. King, M.A.

Morals. Ethical Essays.

Translated by the Rev. A. R.

Shilleto, M.A. ^s.

POETRY OF AMERICA. Se-

lections from One Hundred
American Poets, from 1776 to

1876. By W. J. Linton. 3^-. dd,

POLITICAL CYCLOPEDIA.
"a Dictionary of Political, Con-
stitutional, Statistical, and Fo-

rensic Knowledge ; forming a

Work of Reference on subjects of

Civil Administration, Political

Economy, Finance, Commerce,
Laws, and Social Relations. 4
vols. 35. dd. each.

POPE'S Poetical Works. Edited,

with copious Notes, by Robert
Carruth-ers. With numerous Illus-

trations. 2 vols. 5^. each.

Homer's Iliad. Edited by
the Rev. J. S. Watson, M.A.
Illustrated by the entire Series of

Flaxman's Designs. 55-.

Homer's Odyssey, with the

Battle of Frogs and Mice, Hymns,
t&c, by other translators. Edited

by the Rev. J. S. Watson, M.A.
With the entire Series of Flax-

man's Designs. 5^-.

Life, including many of his

Letters. By Robert Carruthers.

With numerous Illustrations. 5^.

POUSHKIN'S Prose Tales: The
Captain's Daughter—Doubrovsky
— The Queen of Spades — An
Amateur Peasant Girl—The Shot

—The Snow Storm—The Post-

master — The Coffin Maker —
Kirdjali—The Egyptian Nights-
Peter the Great's Negro. Trans-

l^l-ftd by T. Keane. V- ^d.

PRBSCOTT'S Conquest of
Mexico. Copyright edition, with

the notes by John Foster Kirk,

and an introduction by G. P.

Winship. 3 vols. y. 6d. each.

Conquest of Peru. Copyright

edition, with the notes of John
Foster Kirk. 2 vols. 35. 6d. each.

Reign of Ferdinand and
Isabella. Copyright edition,

with the notes of John Foster

Kirlv 3 vols. 3^-. 6d. each.

PROPERTIUS. Translated by
Rev. P. J. F. Gantillon, M.A.,
and accompanied by Poetical

Versions, from various sources.

3^. 6d.

PROVERBS, Handbook of. Con-
taining an entire Republication

of Ray's Collection of English

Proverbs, with his additions from

Foreign Languages and a com-

plete Alphabeticailndex; in which
are introduced large additions as

well of Proverbs as of Sayings,

Sentences, Maxims, and Phrases,

collected by H. G. Bohn. 5^.

PROVERBS, A Polyglot of

Foreign. Comprising French,

Italian, German, Dutch, Spanish,

Portuguese, and Danish. With
Enghsh Translations & a General

Index by H. G. Bohn, ^s.

POTTERY AND PORCELAIN,
and other Objects of Vertu. Com-
prising an Illustrated Catalogue of

the Bernal- Collection of Works
of Art, with the prices at which

they were sold by auction, and

names of the possessors. To which

are added, an Introductory Lecture

on Pottery and Porcelain, and an

Engraved List of all the known
Marks and Monograms. By Henry
G. Bohn. With numerous Wood
Engravings, 5^. ; or with Coloured

Illustrations, los, 6d.

PROUT'S (Father) ReUques. Col-

lected and arranged by Rev. F.

Mahony. Nev/ issue, with 21

Etchings by D. Maclise, R.A.

Nearly 600 pages. $s.
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QUINTILIAN'S Institutes of
" Oratory, or Education of an

Orator. Translated by the Rev.

J. S. Watson, M.A. 2 vols. 5^

each.

RACINE'S (Jean) Dramatic
Works, A metrical English ver-

sion. By R. Bruce Boswell, M. A.
Oxon. 2 vols. 3^. dd. each.

RANKE'S History of the Popes,
their Church and State, an^ espe-

cially of their Conflicts with Pro-

testantism in the i6th and 17th

centuries. Translated by E.

Foster. 3 vols. 35-. dd. each.

History of Servia and the
Servian Revolution. With an
Account of the Insurrection in

Bosnia. Translated by Mrs. Kerr.

y. 6d.

RECREATIONS inSHOOTING.
By ' Craven.' With 62 Engravings

on Wood after Harvey, and 9
Engravings on Steel, chiefly after

A. Cooper, R.A. ^s.

RENNIE'S Insect Architecture.

Revised and enlarged by Rev.

J. G. Wood, M.A. With 186

Woodcut Illustrations. 5^.

REYNOLD'S (Sir J.) Literary
Works. Edited by H. W. Beechy.

2 vols. 3^. 6d. each.

RICARDO on the Principles of

Political Economy, and Taxa-
tion, Edited by E. C. K. Conner,
M.A. 5^.

RICHTER (Jean Paul Friedrich).

Levana, a Treatise on Education:
together with the Autobiography
(a Fragment), and a short Pre-

fatory Memoir. 3^. 6d.

Flower, Fruit, and Thorn
Pieces, or theWedded Life, Death,
and Marriage of Firmian Stanis-

laus Siebenkaes, Parish Advocate
in the Parish of Kuhschnapptel.
Newly translated by Lt. Col. Alex.

Ewing. 3^. dd.

ROGER DE HOVEDEN'S An- i

nals of English History, com- I

prising the History of England ^

and of other Countries of Europe
from A.D. 732 to A. D. 1 20 1.

Translated by H. T. Riley, M.A.
2 vols. 5x. each.

ROGER OF WENDOVER'S
Flowers of History, comprising

the History of England from the

Descent of the Saxons to a.d.

i235,formerly ascribed to Matthew
Paris. Translated by J. A. (iiles,

D.C.L. 2 vols. $s. each.

ROME in the NINETEENTH
CENTTJRf . Containing a com-
plete Account of the Ruins of the

Ancient City, the Remains of the

Middle Ages, and the Monuments
of Modern Times. By C. A. Eaton.

With 34 Steel Engravings. 2 vols.

5J. each.

See Burn and Dyer.

ROSCOE'S (W.) Life and Ponti-

ficate of Leo X. Final edition,

revised by Thomas Roscoe. 2

vols. 35, 6d. each.

Life of Lorenzo de' Medici,

called * the Magnificent.' With
his poems, letters, &c, loth

Edition, revised, with Memoir of

Roscoe by his Son. 3^-. 6d.

RUSSIA. History of, from the

earliest Period, compiled from
the most authentic sources by
Walter K. Kelly. With Portraits.

2 vols, y 6d. each.

SALLUST, FLORUS, and VEL-
LEIUS PATERGULUS.
Translated by J. S.Watson, M.A.
$s.

SCHILLER'S Works. Translated

by various hands. 7 vols. 3^. 6d.

each :

—

I.—History of the Thirty Years' i

War.
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Schili-er's Works continued.

II.—History of the Revolt in the

Netherlands, the Trials of

Counts Egmont and Horn,
the Siege of Antwerp, and
the Disturbances in France
preceding the Reign of

Henry IV.

III.—Don Carlos, Mary Stuart,

Maid of Orleans, Bride of

Messina, together with the

Use of the Chorus in

Tragedy (a short Essay).

These Dramas are all

translated in metre.

IV.—Robbers ( with Schiller's

original Preface), Fiesco,

Love and Intrigue, De-
metrius, Ghost Seer, Sport

of Divinity.

The Dramas in this

volume are translated into

Prose.

V.—Poems.

VI.—Essays, iEsthetical and Philo-

sophical

VII.—Wallenstein's Camp, Pic-

colomini and Death of

Wallenstein,William Tell.

SCHILLER and GOETHE.
Correspondence between, from
A.D, 1794- 1805. Translated by
L. Dora Schmitz. 2 vols. 3^. 6d.

each.

SCHLEGEL'S (F.) Lectures on
the Philosophy of Life and the
Philosophy ofLanguage. Trans-

lated by the Rev. A. J. W. Mor-
rison, M.A. 3J. 6d.

Lectiires on the History of

Literatiire, Ancient and Modern.
Translated from the German. '^s.6a.

Lectures on the Philosophy
of History. Translated by J. B.
Robertson. 3j. 6d.

SCHLEGEL'S Lectures on
Modern History, together with
the Lectures entitled Ccesar and
Alexander, and The Beginning of
our History. Translated by L.
Purcell and R. H. Whitetock.
3^. ed.

Esthetic and Miscellaneous
Works. Translated by E. J.
Millington. 3^'. 6d.

SCHLEGEL (A. W.) Lectures
on Dramatic Art and Literature.
Translated by J. Black. Revised
Edition, by the Rev. A. J. W.
Morrison, M.A. 3J. 6d.

SCHOPENHAUER on the Four-
fold Root of the Principle of
SufBcient Reason, and On the
Will in Nature. Translated by
Madame Hillebrand. 5^.

Essays. Selected and Trans-
lated. With a Biographical Intro-

duction and Sketch of his Philo-

sophy, by E. Belfort Bax. $s.'

SCHOUW'S Earth, Plants, and
Man. Translated by A. Henfrey.
With coloured Map of the Geo-
graphy of Plants. 5^.

SCHUMANN (Robert). His Life
and Works, by August Reissmann.
Translated by A. L. Alger. 3^. 6d.

EarlyLetters. Originally pub-
blished by his Wife. Translated
by May Herbert. With a Preface
by Sir George Grove, D.C.L.
35. 6d.

SENECA on Benefits. Newly
translated by A. Stewart, M.A.
35. 6d.

Minor Essays and On Clem-
ency. Translated by A. Stewart,
M.A. 5^.

SHAKESPEARE'S Dramatic
Art. The History and Character
of Shakespeare's Plays. By Dr.
Hermann Ulrici. Translated by
L. Dora Schmitz. 2 vols. 3^. 6d.
each,



22 An Alphabetical List of Books

SHAKESPEARE CWilliam). A
Literary Biography by Karl Elze,

Ph.D., LL.D. Translated by

L. Dora Schmitz. 51.

SHARPE (S.) The History of

Egypt, from the Earliest Times
till the Conquest by the Arabs,

A.D. 640. By Samuel Sharpe.

2 Maps and upwards of 400 Illus-

trative Woodcuts. 2 vols. 5^. each.

SHERIDAN'S Dramatic Works,
Complete. With Life by G. G. S.

SISMONDI'S History of the

Literatiire of the South ol

Etirope. Translated by Thomas
Roscoe. 2 vols. 3x, 6d. each.

SYNONYMS and ANTONYMS,
or Kindred Words and their

Opposites, Collected and Con-
trasted by Ven. C.J. Smith, M.A.
Revised Edition, ^s.

SYNONYMS DISCRIMI-
NATED. A Dictionary of

Synonymous Words in the Eng-
lish Language, showing the

Accurate signification of words
of similar meaning. Illustrated

with Quotations from Standard
Writers. With the Author's
latest Corrections and Additions.

Edited by the Rev. H. Percy
Smith, M.A., of Balliol College,

Oxford. 6s.

SMITH'S (Adam) The Wealth of
Nations. Edited by E. Belfort

Bax. 2 vols. y. 6d. each.

Theory ofMoral Sentiments

;

with his Essay on the First For-
mation of Languages; to which is

added a Memoir of the Author by
Dugald Stewart. 3^. 6d.

SMYTH'S (Professor) Lectures
on Modern History; from the

Irruption of the Northern Nations
to the close of the American Re-
volution. 2 vols. 3^. 6d. each.

SMl^TH'S (Professor) Lectures
on the French Revolution.
2 vols. 3^'. 6d. each.

SMITH'S ( Pye ) Geology and
Scripture. 2nd Edition, ^s.

SMOLLETT'S Adventures 01

Roderick Random. Vv^ith short

Memoir and Bibliography, and
Cruikshank's Illustrations. 3^. 6d.

Adventures of Peregrine
Pickle, in which are included the

Memoirs of a Lady of Quality.

With Bibliography and Cruik-

shank's Illustrations. 2 vols. 3^.6^!'.

each.

The Expedition of Hum-
phry Clinker, With Bibliography

and Cruikshank's Illustrations.

3^. 6d.

SOCRATES (sm^named 'Scholas-

ticus
'
) . The Ecclesiastical His-

toryof(A.D, 305-445). Translated

from the Greek. 5^.

SOPHOCLES, The Tragedies of.

A New Prose Translation, v/ith

Memoir, Notes, &c., by E. P.

Coleridge. <i.

SOUTHEY'S Life of Nelson.
With Facsimiles of Nelson's writ-

ing. Portraits, Plans, and upwards
of 50 Engravings on Steel and
Wood. 5j.

Life of Wesley, and the Rise

and Progress of Methodism. 5^.

Robert Southey. The Story

of his Life written in his Letters.

With an Introduction. Edited by

John Dennis, p. 6d.

SOZOMEN'S Ecclesiastical His-
tory. Comprising a History of

the Church from a.d. 324-440.
Translated from the Greek. To-
gether with the Ecclesiastical
History of Philostorgius, as

epitomised by Photius. Trans-

lated from the Greek by Rev. E.

Walford, M.A. "Jj.
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SPINOZA'S Chief Works. Trans-
lated, with Introduction,by R.H.M.
Elwes. 2 vols. ^s. each.

STANLEY'S Classified Ssmopsis
of the Principal Painters of the
Dutch and Flemish Schools.

By George Stanley. 55.

STARLING'S (Miss)NobleDeeds
of Women; or, Examples of

Female Courage, Fortitude, and
Virtue. With 14 Steel Engrav-
ings. Sj.

STAUNTON'S Chess - Player's
Handbook. A Popular and Scien-

tific Introduction to the Game.
With numerous Diagrams, ^s.

Chess Praxis. A Supplement
to the Chess-player's Handbook.
Containing the most important
modern improvements in the Open-
ings ; Code of Chess Laws ; and
a Selection of Morphy's Games.
Annotated, ^s.

Chess-player's Companion.
Comprising a Treatise on Odds,
Collection of Match Games, and a

Selection of Original Problems. 5^.

Chess Tournament of 1851.
A Collection of Games played at

this celebrated assemblage. With
Introduction and Notes, ^s.

STOCKHARDT'S Experimental
Chemistry. A Handbook for the

Study of the Science by simple

experiments. Edited by C. W.
Heaton, F.C.S. With numerous
Woodcuts. New Edition, revised

throughout. 5^.

STRABO'S Geography. Trans-

lated by W. Falconer, M.A.,
and H. C. Hamilton, 3 vols.

5^. each.

STRICKLAND^S (Agnes) Lives
of the Queens of England, from

the Norman Conquest. Revised

Edition. With 6 Portraits. 6 vols.

^s. each.

STRICKLAND'S Life of Mary
Queen of Scots. 2 vols. ^s. each.

Lives of the Tudor and Stuart
Princesses. With Portraits. 55.

STUART and REVETT'S Anti-
quities of Athens, and other

Monuments of Greece ; to which
is added, a Glossary of Terms used
in Grecian Architecture. With 7

1

Plates engra.ved on Steel, and
numerous Woodcut Capitals. 51.

SUETONIUS' Lives oftheTwelve
Caesars and Lives of the Gram-
marians. The translation of

Thomson, revised by T. Forester.

SWIFT'S Prose Works. Edited
by Temple Scott. With a Bio-

graphical Introduction by the Right
Hon. W. E. H. Lecky, M.P.
With Portraits and Facsimiles.

II vols. 35'. 6^. each.

iVols. I.-V. of VIII. ready.

I._A Tale of a Tub, The Battle

of the Books, and other

early works. Edited by
Temple Scott. With a

Biographical Introduction

by the Right Hon.
W. E. H. Lecky, M.P.

II.—TheJournal to Stella. Edited

by Frederick Ryland,M. A.
With 2 Portraits of Stella,

and a Facsimile of one of

the Letters.

IH.&IV.—Writings on Religion and
the Church. Edited by
Temple Scott.

V.—Historical and Political

Tracts (English). Edited

by Temple Scott.

VIII.—Gulliver's Travels. Edited

by G. R. Dennis. With
Portrait and Maps.
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Swift's Prose Works contimied.

IX.—Contributions to the 'Ex-
aminer,' *Tatler,' 'Spec-

tator,' &c. Edited by
Temple Scott.

The order and contents of

the remaining volumes will

probably be as follows :

—

VI. &VII.—Historical and Political

Tracts (Irish).

\_In the press.

X.—Historical Writings.

[/;/ the pj'ess.

XI.—Literary Essays and Biblio-

graphy.

STOWE (Mrs.H.B.) Uncle Tom's
Cabin, or Life among the Lowly.
With Introductory Remarks by
Rev. J. Sherman. With 8 full-

page Illustrations. 3^. (>d.

TACITUS. The Works of. Liter-

ally translated. 2 vols. ^s. each.

TALES OF THE GENII; or, the

Delightful Lessons of Horam, the

Son of Asmar. Translated from

the Persian by Sir Charles Morell.

Numerous Woodcuts and 12 Steel

Engravings. 5^-.

TASSO'S Jerusalem Delivered.

Translated into English Spenserian

Verse by J. H. Wiffen. With 8

Engravings on Steel and 24 Wood-
cuts by Thurston. 5^.

TAYLOR'S (Bishop Jeremy)
Holy Living and Dying, with

Prayers containing theWhole Duty
of a Christian and the parts of De-
votion fitted to all Occasions and
furnished for all Necessities. 35. dd.

TEN BRINK.—^^^ Brink.

TERENCE and PH^DRUS.
Literally translated byH.T. Riley,

M.A. Towhichis added. Smart's
Metricai Version of Ph/*:drus.

THEOCRITUS, BION, MOS-
CHUS, and TYRTiEUS. Liter-

ally translated by the Rev. J.

Banks, M.A. To which are ap-

pended the Metrical Versions of

Chapman. 5^.

THEODORET and EVAGRIUS.
Histories of the Church from a.d.

332 to A.D. 427 ; and from a.d.

431 to A.D. 544. Translated from
the Greek. 5^.

THIERRY'S History of the
Conquest of England by the
Normans; its Causes, and its

Consequences in England, Scot-

land, Ireland, and the Continent.

Translated by William Hazlitt.

2 vols. 3J-. ^d. each,

THUCYDIDES. The Pelopon-
nesian War. Literally translated

by the Rev. H. Dale. 2 vols.

3i-. 6^. each.

An Analysis and Summary
of. With Chronological Table of

Events, &c. By J. T. Wheeler, ^s,

THUDICHUM (J. L. W.) A Trea-
tise on Wines : their Origin,

Nature, and Varieties. With Prac-

tical Directions for Viticulture and
Vinification. By J. L. W. Thudi-
chum, M.D., F.R.C.P. (Lond.).

Illustrated. 55.

URE'S (Dr. A.) Cotton Manufac-
ture of Great Britain, systemati-

cally investigated. Revised Edit,

by P. L. Simmonds. With 150
original Illustrations. 2 vols. 5^.

each.

Philosophy of Manufactures.
Revised Edition, by P. L. Sim-
monds. With numerous Figures.

Doublevolume. 7^. dd.

VASARI'S Lives of the most
Eminent Painters, Sculptors,

and Architects. Translated by
Mrs. J. Foster, with a Commen-
tary by J. P. Richter, Ph.D. 6
vols. 35. dd. each.

VIRGIL. A Literal Prose Trans-

lation by A. Hamilton Bryce,

LL.D., F.R.S.E. With Portrait.

3^. dd.
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VOLTAIRE'S Tales. Translated
by R. B. Boswell. Vol. I., con-

taining Bebouc, Memnon, Can-
dida, L'lng^nu, and other Tales.

WALTON'S Complete Angler,

or the Contemplative Man's Re-
creation, by Izaak Walton and
Charles Cotton. Edited by Ed-
ward Jesse. To which is added
an account of Fishing Stations,

Tackle, &c., by Henry G. Bohn.
With Portrait and 203 Engravings
on Wood and 26 Engravings on
Steel. 5^.

Lives of Donne, Hooker, &g.

New Edition revised by A. H.
Bullen, with a Memoir of Izaak

Walton by Wm. Dowling. With
numerous Illustrations. 5^.

WELLINGTON, Life of. By ' An
Old Soldier.' From the materials

of Maxwell. With Index and i8

Steel Engravings. 5^.

Victories of. See Maxwell.

WERNER'S Templars in
Cyprus. Translated by E. A. M.
Lewis. 3^. (>d.

WESTROPP (H. M.) A Hand-
book of ArchsBology, Egyptian,
Greek, Etruscan, Roman. ' By
H. M. Westropp. 2nd Edition,

revised. With very numerous
Illustrations. 5^.

WHITE'S Natural History of

Selbome, with Observations on
various Parts of Nature, and the

Naturalists' Calendar. With Notes
by Sir William Jardine. Edited

by Edward Jesse. With 40 Por-

traits and coloured Plates. 5^.

WHEATLEY'S A Rational Illus-

tration of the Book of Common
Prayer. 3^^. 6d.

WHEELER'S Noted Names of
Fiction, Dictionary of. Includ-

ing also Familiar Pseudonyms,
Surnames bestowed on Eminent
Men, and Analogous Popular Ap-
pellations otten referred to in

Literature and Conversation. By
W. A. Wheeler, M.A. 5^.

WIESELER'S Chronological
Synopsis of the Four Gospels.
Translated by tiie Rev. Canon
Venables. -^s. 6d.

WILLIAM ofMALMESBURY'S
Chronicle of the Kings of Eng-
land, from the Earliest Period

to the Reign of King Stephen.

Translated by the Rev. J. Sharpe.

Edited by J. A. Giles, D.C.L. Ss.

XENOPHON'S Works. Trans-

lated by the Rev. J. S. Watson,
M.A., and the Rev. H, Dale. In

3 vols. 5i-. each.

YOUNG (Arthur). Travels in

France during the years 1787,
1788, and 1789. Edited by
M. Betham Edwards. 3^. 6d.

Tour in Ireland, with

General Observations on the state

of the country during the years

1776-79. Edited by A. W.
Hutton. With Complete Biblio-

graphy by J. P. Anderson, and
Map. 2 vols. T,s. 6d. each.

YULE-TIDE STORIES. A Col-

lection of Scandinavian and North-

German Popular Tales and Tra-

ditions, from the Swedish, Danish,

and German. Edited by B. Thorpe.

5^-
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NEW AND FORTHCOMING VOLUMES OF

BONN'S LIBRARIES.

THE PROSE WORKS OF JONATHAN SWIFT. Edited by

Temple Scott. With an Introduction by the Right Hon. W. E. H.

Lecky, M.P. In ii volumes, 3i-. 6d. each.

Vol. I.—' A Tale of a Tub,' * The Battle of the Books,' and other

early works. Edited by Temple Scott. With Introduction by the

Right Hon. W. E. H. Lecky, M.P. Portrait and Facsimiles.

Vol. II.— * The Journal to Stella.' Edited by F. Ryland, M.A.
With a Facsimile Letter and two Portraits of Stella.

Vols. III. and IV.—Writings on Religion and the Church.
Edited by Temple Scott. With portraits and facsimiles of title pages.

Vol. V. —Historical and Political Tracts (English). Edited by
Temple Scott. With Portrait and Facsimiles.

Vol. VIII.—Gulliver's Travels. Edited by G. R. Dennis. With
the original Maps and Illustrations.

Vol. IX.—Contributions to * The Tatler,' ' The Examiner,' ' The
Spectator,' and 'The Intelligencer.' Edited by Temple Scott.

PRESCOTT'S CONQUEST OF MEXICO. Copyright edition,

with the author's latest corrections and additions, and the notes of

John Foster Kirk. With an introduction by George Parker Winshi]-).

3 vols. 3^. 6d. each.

PRESCOTT'S CONQUEST OF . PERU. Copyright edition.

Edited by John Foster Kirk. 2 vols. y. 6d. each.

PRESCOTT'S FERDINAND AND ISABELLA. Copyright

edition. Edited by John Foster Kirk. 3 vols. 35. 6d. each.

GRAY'S LETTERS. Edited by Duncan C. Tovey, M.A., Editor ol

'Gray and his Friends,' &c., late Clark Lecturer at Trinity College,

Cambridge. Vol. I. 3^-. 6d. [ Vol. II. in the Press.

CICERO'S LETTERS. The whole extant Correspondence. Trans-

lated by Evelyn S. Shuckburgh, M.A. In 4 vols. ^s. each.

GASPARY'S HISTORY OF EARLY ITALIAN LITERATURE
TO THE DEATH OF DANTE. Translated, with supple-

mentary bibliographical notes, by Herman Oelsner, M.A., Ph.D.

Vol. I. 3^. ^d.

\



PBELUS HANDBOOKS

THE GREAT MASTERS
IN PAINTING AND SCULPTURE.

Edited by G. C. WILLIAMSON, Litt.D.

Post 8vo. With 40 Illustrations and Photogravure Frontispiece. 5^. net each

The following Voluf?ies have been issued

:

BERNADINO LUINI. By George C. Williamson, Litt.D. 2nd Editi

VELASQUEZ. By R. A. M. Stevenson. 3rd Edition.

ANDREA DEL SARTO. By H. Guinness. 2nd Edition.

LUCA SIGNORELLL By Maud Cruttwell. 2nd Edition.

RAPHAEL. By H. Strachey. 2nd Edition.

CARLO CRIVELLL By G. McNeil Rushforth, M.A.

CORREGGIO. By Selwyn Brinton, M.A.
DONATELLO. By Hope Rea.

PERUGINO. By G. C. Williamson, Litt.D.

SODOMA. By the Contessa Lorenzo Priuli-Bon.

LUCA DELLA ROEBIA. By the Marchesa Burlamacchi.

GIORGIONE. By Herbebt Cook, M.A.

MEMLINC. By W. H. James Weale.
PIERO DELLA FRANCESCA. By W. G. Waters, M.A.

PINTORICCHIO. By Evelyn March Phillipps.

FRANCIA. By George C. Williamson, Litt.D.

BRUNELLESCHI. By Leader Scott.

MANTEGNA. By Maud Cruttwell.
REMBRANDT. By Malcolm' Bell.

GIOTTO. By F. Mason Perkins.

WILKIE. By Lord Ronald Sutherland Gower, M.A., F.S.A.

GERARD DOU. By Dr. W. Martin. Translated by Clara Bell.

In preparation.

EL GRECO. By Manuel B. Cossio, Litt.D., Ph.D.

TINTORETTO. By J. B. Stoughton Holborn, M.A.

WATTEAU. By Edgcumbe Staley, B.A.

LEONARDO DA VINCI. By Edward McCurdy, M.A.

BOTTICELLI. By A. Streeter.

PAOLO VERONESE. By Roger E. Fry.

GAUDENZIO FERRARI. By Ethel Halsey.

Others tofollow.



THE

CHISWICK SHAKESPEARE
Illustrated by BYAM SHAW.

With Introductions and Glossaries by JOHN DENNIS.

This Edition of the Works of Shakespeare is being issued in single

plays, each containing six full-page Illustrations by Mr. Byam Shaw,
as well as head and tailpieces, The volumes are printed at the Chiswick

Press, price i^. dd. net per volume, handsomely bound in linen, with gilt

decoration ; or in limp leather, 2s. net. A few copies, to be sold only in

sets, printed on Japanese vellum, price 5^. net.

Now ready.

HAMLET. OTHELLO,
THE MERCHANT OF VENICE. MACBETH.
ROMEO AND JULIET. AS YOU LIKE IT.

THE WINTER'S TALE. THE TEMPEST.
A MIDSUMMER-NIGHT'S DREAM. KING LEAR.
MUCH ADO ABOUT NOTHING. TWELFTH NIGHT.
ANTONY AND CLEOPATRA. JULIUS C^SAR.
TWO GENTLEMEN OF VERONA. CORIOLANUS.
KING HENRY IV. Part I. KING JOHN.
KING HENRY IV. Part II. KING RICHARD II.

THE MERRY WIVES OF WINDSOR, KING HENRY V.

MEASURE FOR MEASURE. CYMBELINE.
KING HENRY VI. Part I. LOVE'S LABOUR'S LOST.
KING HENRY VI. Part II. KING RICHARD III.

KING HENRY VI. Part III. COMEDY OF ERRORS.
ALL'S WELL THAT ENDS WELL.

Further Volumes at Monthly Intervals.

' A fascinating little edition.'

—

Notes and Qiieries.

* A cheap, very comely, and altogether desirable edition.'

—

Wesitninster Gazette.
' But a few years ago such volumes would have been deemed worthy to be ccnsidt^ed

dditions de luxe. To-day, the low price at which they are offered to the public alone
prevents them being so regarded.'

—

Studio.
' Handy in shape and size, wonderfully cheap, beautifully printed from the Cam-

bridge text, and illustrated quaintly yet admirably by Mr. Byam Shaw, we have nothing
Ijut praise for it. No one who wants a good and convenient Shakespeare—without
excursuses, discursuses, or even too many notes—can do better, in our opinion, than
subscribe to this issue : which is saying a good deal in these days of cheap reprints.'

—

Vanity Fair.

'What we like about these elegant booklets is the attention that has been paid to the
paper, as well as to the print and decoration ; such stout laid paper will last for ages.
On this account alone, the 'Chiswick' should easily be first among pocket Shake-
speares.'— Pah Mad Gazette.
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New Editions, fcap. 8vo. 2s. 6d. each net.

THE ALDINE EDITION

BRITISH POETS.
•This excellent edition of the English classics, with their complete texts and

scholarly introductions, are something very different from the cheap volumes of

extracts which are just now so much too common.'—St. James's Gazette.

' An excellent series. Small, handy, and complete.'

—

Saturday Review.

*Blake.

•Burns,

Edited by R. B. Johnson.

Son-
With

Eev.

Klrke White. Edited, with a
Memoir, by Sir H. Nicolas.

liffilton. Edited by Dr. Bradshaw.
2 vols.

Pamell. Edited by Q. A. Aitken.

Pope. Edited by Gr. R. Dennis.
With Memoii by John Dennis. 3 vols.

Prior. Edited by P.. B. Johnson.
2 vols.

Raleigh and Wotton. With Se-
lections from the Writings of other
COURTLY POETS from ISiO to 1650.
Edited by Ven. Archdeacon Hannah.
D.O.L.

Rogers. Edited by Edward Bell,
M.A.

So«tt. Edited by John Dennis.
5 vols.

Shakespeare's Poems. Edited by
Rev. A. Dyce.

Shelley. Edited by H. Buxton
Forman. 5 vols.

Spenser. Edited by J. Payne Col-
lier. 5 vols.

Surrey. Edited by J. Yeowell.

Swift. Edited by the Rev. J.

Mitford. 3 vols.

Thomson. Edited by the Rev. D.
C. Tovey. 2 vols.

Vaughan. Sacred Poems and
Pious Ejaculations. Edited by the
Rev. H. Lyte.

Wordsworth Edited by Prof.
Dowdeu. 7 vols.

Wyatt Edited by J. Yeowell.

Young 2 vols. Edited by the
Rev. J. Mitford.

* These volumes may aLo be had bound iu Irish linen, with design in gold on side
and back by Gleeson White, and gilt top, 3s. 6d. each net.

Akenside. Edited by Rev. A. Dyce.

Beattie. Edited by Rev. A. Dyce.

Edited by W. M. Rossetti.

Edited by G. A. Aitken.
3 vols.

Butler.
2 vols.

Campbell. Edited by His
in-law, the Rev. A. W. Hill.

Memoir by W. AUingham.

Chatterton. Edited by the
W. W. Skeat, M.A. 2 vob.

Chaucer. Edited by Dr. R. Morris,
with Memoir by Sir H. Nicolas. 6 vols.

Churchill. Edited by Jas. Hannay.
2 vols.

*Colerldge. Edited by T. Ashe,
B.A. 2 vols.

Collins. Edited by W. Moy
Thomas.

Cowper. Edited by John Bruce,
F.S.A. 3 vols.

Dryden. Edited by the Rev. R.
Hooper, M.A. 5 vols.

Falconer. Edited by the Rev. J.

Mitford.

Goldsmith. Revised Edition by
Austin Uobsou. With Portrait.

*Gray. Edited by J. Bradshaw,
LL.D.

Herbert.
Grosart.

*Herrick. Edited
Saintsbiuy. 2 vols.

*Keats. Edited by the late Lord
Houghton.

Edited by the Rev. A.B.

by George



THE ALL-ENGLAND SERIES.
HANDBOOKS OF ATHLETIC GAMES.

The only Series issued at a moderate price, by "Writers who are in
the first rank in their respective departments.

' The best instruction on games and sports by the best authorities, at the lowest
prices.'

—

Oxford Magazine.

Small 8vo. cloth, Illustrated. Price Is. each.

Cricket. By the Hon. and Bev.

E. Ltttelton.
Croquet. By Lieut. -Col. the Hon.
H. C. Needham,

Lawn Tennis. By H. W. W.
WiLBERFORCE. With a Chapter for
Ladies, by Mrs. Hillyard,

Tennis and Rackets and Fives.
By Jtjlian Marshall, Major J. Spens,
and Rev. J. A. Arnan Tait.

Golf. By H. S. C. Everard.
Double vol. 2s.

Rowing and Sculling. By W. B.
WOODGATE.

SaiUng. By E.F. Knight, dbl.vol. 2s.

Swimming. By Martin and J.
Racster Cobbett.

Camping out. By A. A. Macdon-
ELL. Double vol. 2s.

Canoeing. By Dr. J. D. Hatward.
Double vol. 2s.

Mountaineering. By Dr. Claude
Wilson. Double vol. 2s.

Athletics. By H. H. Griffin.

Riding. By W. A. Kerr, V.C,
Double vol. 28.

Ladies' Riding. By W.A.Kerr,V.C.
Boxing. By E. G. Allanson-Winn.
With Prefatory Note by Bat MuUins.

Fencing. By H. A. Colmore Dunn.

CycUng. ByH.H. Griffin, L.A.C,
N.C.U., O.T.C. With a Chapter for
Ladies, by Miss Agnes Wood.

Wrestling. By Walter Arm-
strong ('Cross-bu'ttocker').

Broadsword and Singlestick.
By R. G. Allanson-Winn and C. Phil-
LIPPS-WOLLET.

Gymnastics. By A. F. Jenkin.
Double vol. 2s.

Gymnastic Competition and Dis-

play Exercises. Compiled by
F. Graf.

Indian Clubs. By G. T. B. Cob-
bett and A. F. Jenkin.

Dinnb-bells. By F. Graf.
Football — Rugby Game. By
Harry Vassall.

Football—Association Game. By
C. W. Alcock. Revised Edition.

Hockey. By F. S. Creswell.
New Edition.

Skating. By Douglas Adams.
With a Chapter for Ladies, by Miss L.
Cheetham, and a Chapter on Speed
Skating:, by a Fen Skater. Dbl. vol. 2s.

Baseball. By Newton Crane,
Rounders, Fieldball, Bowls,

Quoits, Curling, Skittles, &c.
By J. M. Walker and C. C. Mott.

Dancing. By Edward Scott.
Double vol. 2s.

THE CLUB SERIES OF CARD AND TABLE GAMES.
No well-regulated club or country house should be without this useful series of books.

Wliist. By Dr. Wm. Pole, F.E.S.

Solo Whist. By Egbert F. Green.

By Major-Gen. A. W.
With a Preface

Small 8vo. cloth. Illustrated. Price Is. each.

Dominoes and Solitaire.

By * Berkeley,'
Bezique and Cribbage.
By • Berkeley.'

Ecart6 and Euchre.
By • Berkeley.'

Piquet and Rubicon Piquet.
By ' Berkeley.'

Skat. By Louis Diehl.
*^* A Skat Scoring-book. Is.

Roimd Games, including Poker,
Napoleon, Loo, Vingt-et-un, &c. By
Baxter- Wray.

Parlour and Playground Games.
By Mrs. Laurekce Oomue.

Billiards.
Drayson, F.R.A.S
by W, J. Peall.

Chess. By Egbert F. Green,

The Two-Move Chess Problem
By B. G. Laws.

Chess Openings. By I. Gunsberg,

Draughts and Backgammon.
By 'Berkeley.'

Reversi and Go Bang.
By ' Berkeley.*



BELL'S CATHEDRAL SERIES.
Profusely Illustrated^ cloth, crown Svo. is. 6d. net each.

ENGLISH CATHEDRALS. An Itinerary and Description. Compiled
by James G. Gilchrist, A.M., M.D. Revised and edited with an
Introduction on Cathedral Architecture by the Rev. T. Perkins,
M.A., F.R.A.S.

BRISTOL. By H. J. L. J. Mass6, M.A.
CANTERBURY. By Hartley Withers. 3rd Edition, revised.

CARLISLE. By C. King Eley.
CHESTER. By CHARLES HiATT. 2nd Edition, revised.

CHICHESTER. By H, C. Corlette, A.R.LB.A.
DURHAM. By J. E. Bygate, A.R.C.A, 2nd Edition, revised.

ELY. By Rev. W. D. Svv^eeting, M.A.
EXETER. By Percy Addleshaw^, B.A, 2nd Edition, revised.

GLOUCESTER. By H. J. L. J. Mass6, M.A. 2nd Edition.

HEREFORD. By A. Hugh Fisher, A.R.E. 2nd Edition, revised.

LICHFIELD. By A. B. Clifton. 2nd Edition.

LINCOLN. By A. F. Kendrick, BA. 2nd Edition, revised,

MANCHESTER. By Rev. T. Perkins, M.A.
NORWICH. By C. H. B. Quennell. 2nd Edition.

OXFORD. By Rev. Percy Dearmer, M.A. 2nd Edition, revised.

PETERBOROUGH. By Rev. W. D. Sweeting. 2nd Edition, revised.

RTPON. By Cecil Hallett, B.A.
ROCHESTER. By G. H. PALMER, B.A. 2nd Edition, revised.

ST. DAVID'S. By Philip Robson, A.R.LB.A.
ST. PAUL'S. By Rev. Arthur Dimock, M.A. 2nd Edition, revised.

SALISBURY. By Gleeson White. 2nd Edition, revised.

SOUTHWELL. By Rev. Arthur Dimock, M.A. 2nd Edition, revised.

WELLS. By Rev. Percy Dearmer, M.A. 2nd Edition.

WINCHESTER. By P. W. Sergeant. 2nd Edition, revised.

WORCESTER. By E. F. Strange.
YORK. By A. Glutton-Brock, M.A. 2nd Edition.

Preparing.

ST. ALBANS. By Rev. W. D. Sweeting. I GLASGOW. By P. Macgregor Chal-

ST. ASAPH and BANGOR. By P. B. mers, LA., F.S.A.(Scot.).

Ironside Bax. I
LLANDAFF. By Herbert Prior.

Uniform, with above Series. Now ready, xs. 6d. net each.

ST. MARTIN'S CHURCH, CANTERBURY. By the Rev. Canon Routi.edge,
M.A., F.S.A.

BEVERLEY MINSTER. By Charles Hiatt.

WIMBORNE MINSTER and CHRISTCHURCH PRIORY. By the Rev. T.
Perkins, M.A.

TEWKESBURY ABBEY AND DEERHURST PRIORY. ByH. J. L. J. Massi^, M.A
BATH ABBEY, MALMESBURY ABBEY, and BRADFORD-ON-AVON CHURCH.

By Rev. T. Perkins, M.A.

WESTMINSTER ABBEY. By Charles Hiatt.

BELL'5 HANDBOOKS TO CONTINENTAL CHURCHES.
Profusely Illustrated. Crown Svo, cloth ^ 2s. 6d. net each.

CHARTRES : The Cathedral and Other Churches. By H. J. L. J. Mass6, M.A. [Ready.
ROUEN : The Cathedral and Other Churches. By the Rev. T. Perkins, M.A. [Ready.
AMIENS. By the Rev. T. Perkins, M.A. [Ready.
PARIS (NOTRE-DAME). By Charles Hiatt. [Prepa7ing.



The Best Practical Working Dictionary of the

English Language.

WEBSTER'S
INTERNATIONAL

DICTIONARY.

2348 PAGES. 5000 ILLUSTRATIONS.

NEW EDITION, REVISED THROUGHOUT WITH A
NEW SUPPLEMENT OF 25,000 ADDITIONAL

WORDS AND PHRASES.

The Appendices comprise a Pronouncing Gazetteer of the World,

Vocabularies of Scripture, Greek, Latin, and English Proper Names,

a Dictionary of the Noted Names of Fiction, a Brief History of the

English Language, a Dictionary of Foreign Quotations, Words, Phrases,

Proverbs, &c., a Biographical Dictionary with 10,000 names, &c., &c.

' We believe that, all things considered, this will be found to be the best

existing English dictionary in one volume. We do not know of any work
similar in size and price which can approach it in completeness of a vocabu-

lary, variety of information, and general usefulness.'

—

Guardian.

' For the teacher, the pupil, the student, and the litterateur, there is nothing

better. It covers everything.'—5/. James s Gazette.

' Has no equal in the English language,'

—

Pa/l Mall Gazette.

' There are many English and American dictionaries, but none excels and
few equal the colossal compilation of Dr. Webster, which since its original

publication in 1828, has become one of the most famous books of its kind.'

—

Standard.

Prospectuses^ ivith Prices and Specimen Pages ^ on Application.

LONDON : GEORGE BELL ^ SONS, YORK STREET,
COVENT GARDEN.

50,000. S. & S. 3.02,
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